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. 1 • 

TITLE OF THE INVENTION 

SPIRO PrPEREDINES AND HOMOLOGS WHICH PROMOTE 
RELEASE OF GROWTH HORMONE 



BACKGROUND OF THE INVENTION 

Growth hormone, which is secreted from the pituitary, 
stimulates gro\^ah of all tissues of the body that are capable of growing. 
In addition, growth homione is known to have the following basic 
effects on the metabolic processes of the body: 

1 . Increased rate of protein synthesis in all cells of the body; 

2. Decreased rate of carbohydrate utilization in cells of the 
body; 

3. Increased mobilization of free fany acids and use of fatty 
acids for energy, 

A deficiency in growth hormone secretion can result in 
various medical disorders, such as dwarfism* 

Various ways are known to release groN\ih hormone. For 
example, chemicals such as arginine, L-3,4-dihydroxyphenylalanine 
(L-DOPA), glucagon, vasopressin, and insulin induced hypoglycemia, as 
well as activities such as sleep and exercise, indirectly cause growth 
honmone to be released from the pituitary by acting in some fashion on 
the hjpoihalamus perhaps either to decrease somatostatin secretion or to 
increase the secretion of the \j\ovm secretagogue growth hormone 
releasing factor (GRF) or an unknown endogenous growth hormone- 
releasing homione or all of these. 

In cases where increased levels of growth hormone were 
desired, the problem was generally solved by providing exogenous 
growth honmone or by administering GRF or a peptidal compound 
which stimulated growth hormone production and/or release. In either 
case the peptidyl narure of the compound necessitated that it be 
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administered by injection. Initially the source of growth hormone was 
the exiraciion of the pituitary glands of cadavers. This resuhed in a 
very expensive product and carried with it the risk that a disease 
associated with the source of the pituitary gland could be transmitted to 
the recipient of the growth hormone. Recently, recombinant growth 
hormone has become available which, while no longer carrying any risk 
of disease transmission, is still a very expensive product which must be 
given by injection or by a nasal spray. 

Other compounds have been developed which stimulate the 
release of endogenous growth hormone such as analogous peptidyl 
compounds related to GRF or the peptides of U.S. Patent 4,411,890. 
These peptides, while considerably smaller than growth hormones are 
still susceptible to various proteases. As with most peptides* their 
potential for oral bioavailability is low. The instant compounds are 
non-peptide analogs for promoting the release of growth hormone 
which are stable in a variety of physiological environments and which 
may be adminisiered parenterally, nasally or by the oral route. 

SUMMARY OF THE INVENTION 

The instant invention covers certain spiro compounds 
which have the ability to stimulate the release of natural or endogenous 
growth hormone. The compounds thus have the ability to be used to 
treat conditions which require the stimulation of growlh hormone 
production or secrerion such as in humans with a deficiency of natural 
growth hormone or in animals used for food production where the 
stimulation of growth hormone will resuh in a larger, more productive 
animal. Thus, it is an object of the insiani invention to describe the 
spiro compounds. It is a further object of this invention to describe 
procedures for the preparation of such compounds. A still funher 
object is to describe the use of such compounds to increase the secretion 
of growth hormone in humans and animals. A still funher object of 
this invention is to describe compositions containing the spiro 
compounds for the use of treating humans and animals so as to increa,se 
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ihe level of growth hoirocne secretions. Further objects will become 
apparent from a reading of ihe following description. 

DESCRIPTION OF THE INVENTION 

The novel spire compounds of the instant invention are best 
described in the following structural formulas I and U: 




Formula I Formula II 

Rj is Cj-CjO alkyl, aryl, aryl (Cj-Ce alkyl) and Cs-C? cycloalkyl 
(Cl-C6alkyl) or C]-C5alkyl-K-Ci-C5 alkyl, aryUCo-CsalkyD-K- 
(C]-C5 alkyl). C3-C7 cycloalkyl(Co-C5 alkyl)-K-(C]-C5 alkyl) where 
K is 0, S(0)m, N(R2)C(0), C(0)N(R2), 0C(0). C(0)0, or 
-CR2=CR2- or -OC- where the aryl groups are defined below and the 
R2 and alkyl groups may be fuiher substituted by 1 to 9 halogen, 
S(0)mR2a, 1 to 3 0R2a or C(0)0R2a and the aryl groups may be 
further substituted by phenyl, phenoxy, halophenyl, 1-3 Cj-C6 alkyl, 1 
to 3 halogen, 1 to 2 OR2, methylenedioxy, S(0)mR2. 1 to 2 CF3, 
OCF3. nitre. N(R2)(R2), N(R2)C(0)R2. C(0)0R2. C(0)N(R2)(R2), 
S02N(R2)(R2). N(R2)S(0)2 ar>'l or N(R2)S02R2; 



• 
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R2 is hydrogen, Ci-C6 alkyl. C3-C7 cycloalkyl, and where two C\-Ce 
alkyl groups are present on one atom, they may be optionally joined to 
form a C3-C8 cyclic ring optionally including oxygen, sulfur or NR2a; 

R2a is hydrogen or C1-C6 alkyl; 

R3a and R3b are independently hydrogen, halogen, C]-C6 alkyl, OR2, 
cyano, OCF3, methylenedioxy, niiro, S(0)mR, CF3 or C(0)0R2 and 
when R3a and R3b are in an ortho arrangement, they may be joined to 
form a C5 lo C8 aliphatic or aromatic ring optionally including 1 or 2, 
heteroatoms selected from oxygen, sulfur or nitrogen; 

R4 and R5 are independently hydrogen, C1-C6 alkyl, substituted C1-C6 
alkyl where the substiiuents may be 1 to S halo, 1 to 3 hydroxy, 1 to 3 
Ci-Cio alkanoyloxy, 1 to 3 C1-C6 alkoxy, phenyl, phenoxy, 2-fuTyl, 
C1-C6 alkoxycarbonyl, S(0)m(C]-C6 alkyl); orR4 and R5 can be taken 
together to fonm -(CH2)rLa (CH2)s. where La is C(R2)2, O, S(0)m or 
N(R2), r and s are independently 1 to 3 and R2 is as defined above; 

t 

R6 is hydrogen or C1-C6 alkyl; 




or 



R7 
R7a 
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where x and y are independently 0-3; 
ZisN.R2orO; 

R? and R7a are independently hydrogen, Ci-C6 alkyl. 0R2, 
trinuoromeihyl, phenyl, substituted C]-C6 alkyl where the substituents 
are imidazolyl, phenyl, indolyl, p-hydroxyphenyl. 0R2, 1 to 3 iluoro, 
S(0)mR2, C(0)0R2, C3-C7 cycloallcyl. N(R2)(R2). C(0)N(R2)(R2); or 
R7 and R7a can independently be joined to one or both of R4 and R5 
groups 10 form alkylene bridges between the terminal nitrogen and the 
alkyl portion of the R7 or R7a groups, wherein the bridge contains 1 10 
5 carbons atoms; 

B, D, E, and F are independently C(R8)(RlO). O, C=0, S(0)ni, or NR9. 
such that one or tu'O of B,D,E, or F may be optionally missing to 
provide a 5, 6, or 7 membered ring; and provided that B, D, E and F 
can be C(R8)(R]0) or C=0 only when one of the remaining B, D, E and 
F groups is simultaneously O, S(0)m or NR9; B and D or D and E 
taken together may be N=CRlO- or CRiO=N or B and D or D and E 
taken together may be CR8=CR 1 0 provided one of the other of B and E 
or F is simultaneously O, S(0)in or NR9; 

RR and RjO are independently hydrogen, R2, 0R2, (CH2)q aryl, 
(CH2)q C(0)0R2, (CH2)q C(0)0(CH2)q aryl or (CH2)q (IH-tetrazol- 
5-yl) and the aryl may be optionally subsriruted by i to 3 halo, 1 to 2 
Ci-Cr alkyl, 1 to 3 OR2 or 1 to 2 C(0)0R2; 

R9 is R2. (CH2)q aryl. C(0)R2. C(0)(CH2)q aryl. SO2R2. S02(CH2)q 
ar>'l, C(0)N(R2)(R2). C(0)N(R2)(CH2)q aryl, C(0)OR2. 1 -H-tetrazol- 

5-yl, SO3H, SO2NHCSN, S02N(R2)aryl, S02N(R2)(R2) and the 
(CH2)q may be optionally subsiiiuied by 1 to 2 C1-C4 alkyl, and the R2 
and ar>'l may be optionally funher substituted by 1 to 3 0R2a. 0(CH2)q 
ar)'l, J to 2 C(0)0R2a. 1 «o 2 C(0)0(CH2)q aryl, 1 to 2 
C(0)N(R2a)(R2a). 1 10 2 C(0)N(R2a)(CH2)q aryl. 1 to 5 halogen, I to 
3 C)-C4 alkyl, l,2,4.triazolyl, l-H-tetrazol-S-yl, C(0)NHS02R2a. 
SfO)mR2a. aO)NHS02(CH2)q ai>'l. SO2NHON, S02NHaO)R2a. 
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S02NHC(0)(CH2)qaiyl,N(R2)C(0)N(R2a)(R2a), 
N(R2a)C(0)N(R2a)(CH2)q ar>'l, N(R2a)(R2a). N(R2a)C(0)R2a. 
N(R2a)C(0)(CH2)q aryl. OC(0)N(R2a)(R2a), OC(0)N(R2a)(CH2)q' 
aryl; S02(CH2)qCONH-(CH2)wNHC(0)Rl J , where w is 2-6 and R] l 
5 may be bioiin, aryl, or aryl subsiimied by 1 or 2 0R2» 1-2 halogen, 
aiido or nitro; 
m is 0, 1 or 2; 
n is I or 2; 

q can optionally be 0, 1, 2, 3, or 4; and 

G» H, 1 and J are carbon, nitrogen, sulfur or oxygen atoms, such that 
aileasi one is a heteroaiom and one of G, 1 or J may be optionally 
missing to afford 5 or 6 membered heterocyclic aromatic rings; 
and phanmaceutically acceptable sahs and individual diasiereomers 
thereof. 

15 

In the above strucniral formulas and throughout the instant 
specification, the following terms have the indicated meanings: 

The alkyl groups specified above are intended to include 
those alkyl groups of the designated length in either a straight or 
branched configuration which may optionally contain double or triple 
bonds. Exemplary of such alkyl groups are methyl, ethyl, propyl, 
ethinyl, isopropyl, but}'l, sec-butyl, teniary butyl, pentyl, isopentyl, 
hexyK isohexyl, allyl, propenyl, butenyl, butadienyl and the like. 

The alkoxy groups specified above are intended to include 
those alkoxy groups of the designated length in either a straight or 
branched configuration which may optionally contain double or triple 
bonds. Exemplary of such alkoxy groups are methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, isobuioxy, tertiary butoxy, penioxy, 
isopenioxy, hexoxy, isohexoxy allyloxy, propinyloxy, isobutenyloxy, 
2-hexenyloxy, and the like. 
. - . The lenn "halogen" is iniended to include the halogen atom 

fluorine, chlorine, bromine and iodine. 

The term "aryr* is intended to include phenyl and naphthyl 
and aromatic residues of 5- and 6- membered rincs with I to 3 
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heieroaioms or fused 5 or 6 membered bicyclic rings with 1 to 3 
heieroaioms of nitrogen, sulfur or oxygen. Examples of such 
heterocyclic aromatic rings are pyridine, ihiophene, benzoihiophene, 
teirazole, indole, N-meihylindole, dihydroindole, indazole, 
N-formylindole, benzimidazole, thiazole, furan, pyrimidine, and 
thiadiazole. 

Certain of the above defined terms may occur more than 
once in the above formula and upon such occurrence each term shall be 
defined independently of the other. 

Preferred compounds of the instant invention are: 



15 
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Formula III 



where R] is Cj-ClO alkyl, aryl (C]-C4 alkyl), C3-C6 cycloalkyl 
(C]-C4 alkyl), (ChC4 alkyl)-K-(Cl-C4 alkyl), aryKCQ-Csalkyl). 
30 K.(C] .C4 alkyl), (C3-C7cycloalkyl)(Co<5 alkyl).K-(C] •C4alkyl) 
where K is O, S(0)m, -CR2=CR2-. -ChC-, or N(R2)C(0) where R2 
and the alkyl groups may be further substituted by 1 to 7 halogen, 
S(0)niCl-C4 alkyl, 0R2a or C(0)0R2a and the aryl groups may be 
further substituted by 1-2 C1-C4 alkyl, 1 10 2 halogen. 1 10 2 OR2, 



• 
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CF3. OCF3, methylenedioxy, S(0)mR2, S02N(R2)(R2), N(R2)S02R2 
or C(0)0R2; 

R2 is hydrogen, C1-C6 alkyl, C3-C7cycloalkyl, and. if rwo Cj-C6 alkyl 
^ groups are preseni on one atom, they may be optionally joined to fonn 
a C4-C6 cyclic ring optionally including 1 to 2 heteroaioms selected 
from oxygen, sulfur or NR2a; 

R2a is hydrogen or C1-C6 alkyl; 

10 

R3a and R3b are independently hydrogen, halogen, C1-C4 alkyl, OR2, 
methylenedioxy, nitro, S(0)mCi-C4alkyI, CF3 or C(0)0R2; 

R4 and R5 are independently hydrogen, C] -Ct alkyl, subsiinjted Cl -Ce 
^ alkyl where the subsriruenis may be 1 to 5 halo, 1 to 2 hydroxy, 1 to 2 
C1-C6 alkanoyloxy, J to 2 Cl-Ce alkyloxy or S(0)m(Cj.C4 alkyl); 



A is : 



20 




25 



or 



3C 



^7 

~ N(R2)-(C H2), - C (CH2)y — 

R78 



where x and y, are independently 0, 1, or 2; 

R7 and R7a are independently hydiooen. C1-C4 alkyl. subsiituied 



wo 94/13696 PCTAJS93/n038 



-9- 

C1-C4 alkyl where the subsriiuents are from 1 10 3 fluoro or 
imidaiolyl, phenyl, indolyl, S(0)niC]-C4alkyl, C(0)0R2 or R? and " 
R7a can independently be joined 10 one or both of the R4 and R5 groups 
to form alkylene bridges between the teminal nitrogen and the alkyl 
5 ponion of the R7 or R7a groups, wherein the bridge contains I to 3 
carbon atoms; 

B, D and F are independently C(R8)(RlO). O, C=0, S{0)in or NR9 
such that one of B, D or F may be optionally missing to provide a 5 or 
10 6 membered ring and provided thai one of B, D and F is C(R8)(R 1 0) or 
C=0 only when one of the remaining B, D and F groups is 
simultaneously O, S(0)m or NR9; 

Rr and Rio are independently hydrogen, R2. OR2, (CH2)q aryl, 
^ ^ (CH2)qC(0)OR2, (CH2)qC(0)0(CH2)q aryl, (CH2)q(l H-tetrazol-S-yl) 
and the aryl may be optionally substiruied by 1 to 3 halo, 1 to 2 C1-C4 
alkyl, 1 to 3 OR2 or 1 to 2 C(0)0R2; 

R9 is R2. (CH2)q aryl, C(0)R2, C(0)(CH2)q aryl, SO2R2. S02(CH2)q 
20 aryl, C{0)N(R2)(R2). C(0)N(R2)(CH2)q aryl. 1 -H-tetrazolyl-S-yl, 
SO2NHON, SO2NR2 aryl, S02N(R2)(R2) and the (CH2)q may be 
optionally substiruted by 1 to 2 C1-C2 alkyl and the R2 may be 
optionally substiniied by 1 to 2 0R2a, 0(CH2)q aryl, 1 to 2 C(0)0R2a. 
C(0)N(R2a)(R2a). S(0)mR2a, l-H-ietrazol-5-yl, C(0)NHS02R2a, 
25 C(0)NHSO2(CH2)q aryl, N(R2a)C(0)N(R2a)(R2a) or 

N(R2a)C(0)N(R2a)(CH2)q aryl and the aryl may be optionally 
subsrinned by 1 to 2 0R2a. 1 to 2 halogen, 1 to 2 Cj -C4 alkyl, 
C(0)0R2a or 1 -H-ieirazol-S-yl; S02(CH2)w C0NH(CH2)w 
NHC(0)R 1 1 , where w = 2-6 and R j 1 may be biotin, aryl, or ar>'l 
30 substituted by 1 or 2 OR2. 1-2 halogen, azido or nitre; 

m is 0,J, or 2; 

q can optionally be 0, 1, 2 or 3; and 
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the aryl group is phenyl, napthyl, pyridyl, ihienyl, indolyl. ihiazolyl or 
pyrimidinyl, 

and ihe pharmaceutically acceptable salts and individual diasiereomers 
thereof. 

Still funher preferred compounds are realized when F is 
not present in Compound El. 

Thus, funher preferred compounds of the instant invention 
are realized in structural formula IV. 



Rl is C]-CiOalkyl,aryl (C1-C4 alkyl), C5-C6cycloalkyl (C1-C4 alkyl) 
or (C]-C4 alkyl)-K.Ci-C2alkyl-. ar)'l(Co-C2alkyl)-K-(Cl.C2 alkyl). 
C3-C6cycloalkyl (Co-C2alkyI)-K-(Ci-C2alkyl). where K is O or 
S(0)m, and the aryl groups may be further substituted by 1 to 2 C]-C4 
alkyl, 1 10 2 halogen, OR?, C(0)0R2, CF3 or S(0)mR2; 

R2 is hydrogen, C1-C4 alkyl, cycio C3-C6alkyl, and, if two CJ-C4 
alkyls are present on one atom, ihey may be optionally joined 10 forni a 
C5-C6 cyclic ring optionally including the heteroatoms oxygen or 
NR2a: 
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R2a is hydrogen or. C ] •C4 alkyl; 

R3a and R3b are independently hydrogen, halogen, C1-C4 alkyl. 
5 C(0)0R2, hydroxy, Ci-C4 alkoxy, S(0)mC]-C4 alkyl or CF3; 

R4 and R5 are independently hydrogen, C1-C4 alkyl, substituted C1-C4 
alkyl where the subsiiruenis may be 1 to 2 hydroxy or S(0)in 



15 

where x is 0 or 1 ; 

R7 and R7a are independently hydrogen, C1-C3 alkyl; or R7 and R7a 
can independently be joined to one or both of the R4 and R5 groups to 
2Q form alkylene bridges between the temfiinal nitrogen and the alkyl 
ponion of the R7 or R7a groups to form 5 or 6 membered rings 
containing the terminal nitrogen; 

B and D are independently C(R8)(R]0)- C=0, 0, S(0)m. NR9 provided 
2 J that one of B and D can be C(R8)(RlO) or C=0 only when the other of 
B and D is O, S{0)m or NR9; 

R8 and RlO are independently hydrogen, R2 or (CH2)q aryl, and the 
aryl may be optionally substituted by 1 to 2 of halo, 1 to 2 C]-C4 alkyl. 
OR2 or 1 to 2 C(0)0R2; 

R9 is C(0)R2, C(0)(CH2)q aryl, S02R2- S0fCH2)q aryl, 
C(0)N(R2)(R2). C(0)N(R2)(CH2)q aryl and ihe (CH2)q may be 
optionally sub.siiruied by 1 to 2 Ci -C2 alkyl and the R? may be 
optionally substimied by I to 2 of 0R2a- 0(CH2)q ar>'l. C(0)0R2a. 



(Cj.C3alkyl); 



A is: 




# 
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C(0)N(R2a(R2a). S(0)mR2a, ]-H-ieirazol-5-yl. C(0)NHS02R2a. or 
N(R2a)C(0)N(R2a)(R2a) and ihe aryl may optionally be substiiuied by 
1 10 2 0R2a. 1 to 2 halogen, J lo 2 C1-C2 alkyi, C(0)0R2a. I -H- 
teira2ol-5-yl or S(0)mR2a; 
5 S02(CH2)qCONl-I(CH2)wNHC(0)R i j where w = 2-6 and R 1 1 may 
optionally be biotin, aryl, and an aryl be optionally subsrituied by I to 2 
OR2. 1-2 halogen, azido, niiro: 

m is 0, 1 or 2; 
^° q can optionally be 0, 1, 2 or 3; 

aryl is phenyl, napihyl, pyridyl, indolyl, ihienyl or tetrazolyl and the 
phannaceuiically acceptable salts and individual diastereomers thereof. 

Most preferred compounds of the instant invention are 
realized in sirucrural formula V: 

15 



20 




25 



V 



30 
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Ri is 



10 



^(^- CHzCH^; {^^- CH2CH2CH2. CH2OCH2. 

CX/"! 'XX?""^. 0^CH.OCH. 
■ H H 

N CH2CH2CH2: 



F— CH2CH2CH2; 

15 

R3a is H, fluoro; 

D is 0. S. S(0)m. N(R2), NS02(R2), NS02(CH2)iaryl, NC(0)(R2). 
NS02(CH2)qOH. NS02(CH2)qCOOR2, N-S02(CH2)qC(0)-N(R2)(R2), 
N-S02(CH2)qC(0)-N(R2)(CH2)wOH, 

20 

N-S02(CH2),C{0)-N(R2)(CH2L 




25 



30 



HN NH 

Y 
O 



O OH 

N-S02(CH2)pC(0)-N(R2){CH2U -N^^-/~\_N3, 



N-NH 

N-S02(CH2)5, — (/ I snd the aryl is phenyl or pyridyl and Ihe 

N=N phenyl may be substituted by 1-2 halogen; 
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R2isH,Ci-C4 alkyl; 
m=l,2; 
lis 0,1,2; 
q is 1,2, 3; 

w is 2-6; 

and the phamiaceuticaDy acceptable salts and individual diastereomers 
thereof. 

Representi^rive most preferred growth hormone releasing 
compounds of the present invention include the following: 

1. N-ll(R)-((l,2-Dihydro-l-methanesulfonylspiro[3H-indole-3,4*. 
piperidin]- 1 •-yl)carbonyl]-2-(l H-indol-3-yl)ethyl]-2-amino-2-methyl- 
propanamide 

2. N-11 (R)-l(l .2-Dihydro-l -methanecarbonylspiroI3H-indole-3,4'- 
piperidin]-r-yl)carbony!3-2-(lH-indol-3-yl)ethyl3-2-amino-2-meihyl- 
propanamide 

3. N-ll(R)-((l',2-Dihydro-l-ben2enesulfonylspirol3H-indole-3,4'. 
piperidin]- r-yl)carbonyl]-2-(lH-indol-3-yl)ethyl]-2-ainino-2-meihyl- 
propanamide 

4. N.(l(R)-l(3.4.Dihydro-spiro|2H-l-ben2opyran-2,4*-piperidin)-l'-yl) 
carbonyl]-2-(lH-indol-3-yl)ethyl]-2-amino-2-methylpropanamide 

5. N-(l(R)-((2-Acetyl-l,2,3,4-ietrahydrospiroIisoquinolin-4,4'- 
piperidin]-r-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-amino-2-meihyl- 
propanamide 

6. N-l 1 (R)-[( 1 .2-Dihydro- 1 -methanesulfony]spiro[3H-indole-3,4'- 
piperidin]-! '-yl) carbonyI)-2-(phenylniethyloxy)eihyI]-2-aniino-2- 
methylpropan amide 
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7. N-[l(R)-((],2-Dihydro-l-methajiesu]fonylspiro[3H-indole-3,4*- 
piperidin)- 1 '-yl) carbonyl]-2-(phenylmeiJiyloxy)eihyl]-2-aniijio-2- 
meihylpropanamide mesylaie salt 

- 8. N-[ 1 (R)-I(l .2-DihydrO"l -meihanesulfonylspiro[3H-mdole-3,4 • 
piperidin]-l'-yl)carbonyl]-2-(2*,6'-difluorophenylmeihyloxy)eihyl3-2- 
ajnino-2-methylpropanamide 

9. N-[](R)-((1.2-Dihydro-l-methajiesulfonyl-5-fluorospiroI3H-indole- 
^ ^ 3,4*-piperidin]- 1 '-yl)carbonyl]-2-(phenylmeThyloxy)ethyl]-2-amino-2- 

meihylpropanamide 

10. N-[l(S>l(l,2-Dihydro-l-melhaj3esulfony]spiro[3H-indole-3,4'- 
piperidin]- ] *-yl) carbonyl]-2-(phenylmeihyl!hio)eihyl]-2-amino-2- 
meihylpropanamide 

11. N-Il(R)-((l,2-Dihydro-l-methanesu]fonylspirol3Hondole-3.4'- 
piperidin]-] '-yl) carbonyl]-3-phenylpiopyl)-2-amino-2-meihyI- 
propanamide 



12. N-[l(R>((1.2-Dihydro-l-meihajiesulfonylspiro[3H^indole-3,4'- 

piperidin]- r-yl)caTbonyl)o-cyclohexylpropyl]-2-amino-2-meihyl- 
propanamide 

13. N-l](RM(l,2-Dihydro-l-methanesulfonylspiroI3H^indole-3,4'- 
piperidin]- r-yl) carbonyl]-4-phenylbut)'l]-2-amino-2-meihyl- 
propanamide 

14. N-ll(R)-l(l,2-Dihydro-l-meihanesulfonylspiro(3H-indoie-3,4*- 
piperidin]- 1 '-y 1) carbonyl]-2-(5-f]uoro- 1 H-indol-3-yl)eihyl]-2-amino-2- 
meihylpropanamide 



20 
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15. N-( 1 (RM( 1 .2-Dihydro- J -meihanesulfonyI-5-fIuorospiroI3H-ijidole- 
3.4^piperidin]-r-yl)carbonyl]-2-(5-nuoro-lH-indol-3-yl)ethy^ 
aj7iino-2-methylpropanamide 

1 6. N-[ 1 (R)-l(l ,2-Dihydro- 1 -(2'eihoxycarbonyl)meihylsulfonylspiro- 
13H-indoIe-3,4^piperidin]-l*-yI)carbonyl].2.(]H-indol.3-yl)e%n^^^ 
ajnino-2-niethylpropananiide 

17. N-(l(R)M(1.2-Dihydro-lJdioxospiro[3H-ben20lhiophene-3,4'- 
piperidin]-r-yl)carbonyl]-2-(phenyljTieihy]oxy)ethyl)-2-amino-2- 
methylpropauamide 

and phanmaceuiically acceptable sails thereof. 

Representative examples of the nonnenclarure employed are 
given below: 




30 N-( 1 (R)-l (3,4.Dihydro-4.oxospirol2H- 1 -benzopyran-2,4'-piperidin)- 1 
yl)caTbonyl]-4-phenYlbuiyl]-2-amino-2-meihylpropanamide 



EiNSOOCiO «WO V«13GS«AI I > 
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NN-ll (S)-l(h2-Dihydro-l •methanesuIfony]spiro(3H-indole-3,4'- 
piperidin)- 1 *-yl)carbonyl]-2-(phenylmeihylihio)elhyl]-2-amino-2- 
methylpropanamide 



20 




N-Il(R)-l(l,2>DLhydro-]-meihajiesulfonylspiro[3H-mdole-3,4'. 
pjperidin]-r-yl)carbonyl]-2-(phenyljTiethyloxy)ethyl)-2-amino-2- 
meihylpropanami de 

Throughout the insiani applicaiion, the following 
2Q abbreviaiions are used with ihe following meanings: 
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BOC 


t-butyloxycarbonyl 


BOP 


Benzoiriazol-l -yloxy iris/dimethylamino)- 




phosphonium hexafluorophosphaie 


CBZ 


Benzyloxycarbonyl 


DCC 


Dicyclohexylcarbodiimide 


DMF 


N,N-dimethylfoiTn amide 


EDC 


l-(3-dimethylaminopropyI)-3-eihyJcarbodi- 




imide hydrochloride 


FAB-MS 


Fast aiom bombaxdmeni-mass spectroscopy 


CHRP 


Growih hormone releasing pepiide 


HOBT 


Hydroxybenziriazole 


LAH 


Liihium aluminum hydride 


HPLC 


High pressure liquid chromaiography 


MHz 


Megahertz 


MPLC 


Medium pressure liquid chromaiography 


NMM 


N-Methylmorpholine 


NMR 


Nuclear Magnetic Resonance 


OX ONE 


Potassium peroxy monosulfaie 


PLC 


Preparative layer chromaiography 


PCC 


Pyridinium chlorochromate 


Ser 


Serine 


TFA 


Trifluoroacetic acid 


THE 


Teirahydrofuran 


TLC 


Thin layer chromatography 


TMS 


Tetrameihylsilane 



The compounds of the instant invention all have at least one 
asymmetric center as noted by the asterisk in the structural Formulas 1 
and 11 above. Additional asymmetric centers may be present on the 
molecule depending upon the nature of the various substiruenis on the 
molecule. Each such asymmetric center will produce two oprical 
isomers and it is intended ihat all such oprical isomers, as separated, 
pure or panially purified optical isomers, racemic mixmres or 
diastereomeric mixtures thereof, be included within the ambii of the 




wo 94/13696 PCTAJS93/n038 



- 19- 

insiani inveniion. In the case of the asymmetric center represented by 
the asterisk in Formula I and II, ii has been found ihai the absolute 
stereochemistry of ihe more active and thus more preferred isomers are 
as shown in Formula la. With the R2 subsiirueni as hydrogen, the 
special configuration of the asymmetric center conesponds to thai in a 
D-amino acid. In most cases this is also designated an R-configuration 
although this will var>' according to the values of R] and R2 used in 
making R- or 5 stereochemical assignments. 



15 



20 




The instant compounds are generally isolated in the form of 
their pharmaceutically acceptable acid addition salts, such as the salts 
derived from using inorganic and organic acids. Examples of such 
acids are hydrochloric, nitric, sulfuric, phosphoric, formic, acetic, 
trifluoroacetic, propionic, maleic, succinic, malonic, methane sulfonic 
and the like, b) addition, cenain compounds containing an acidic 
function such as a carboxy can be isolated in the form of their inorganic 
salt in which the coimterion can be selected from sodium, potassium, 
lithiimi, calcium, magnesium and the like, as well as frorn organic bases. 

The preparation of compounds 1 and II of the present 
invention can be carried out in sequential or convergent s>'nihetic 
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rouies, S>Titheses detailing the preparation of the compounds of 
Formula 1 and II in a sequential manner are presented in the following 
reaction schemes* 

The protected amino acid derivatives 1 are, in many cases, 
commercially available where the protecting group L is, for example, 
BOC or CBZ groups. Other protected amino acid derivatives 1 can be 
prepared by liierarure methods. Many of the spiro piperidines and 
spiioazepines (n=2) of formula 2 and 2a are known in the literature 
and can be derivarized on the phenyl or heteroaryl by standard means, 
such as halogenarion, nitration, sulfonylation, etc. Alternatively, 
various phenyl or heteroar^'l substituted spiro piperidines and 
spiroazepines (n=2) can be prepared following literature methods using 
derivatized phenyl and heteraryl iniemiediaies. In Schemes subsequent 
to Scheme 1, the s}aithetic methods arc illustrated only with 
spiropiperidines although it will be appreciated by those skilled in the 
an that the illustrated iransfomiaiions can also be carried out in the 
higher homolog series to afford compounds of Formulas I and D with 
n=2. 

Intermediates of formulas 3 and 3a can be synthesized as 
described in Scheme 1. Coupling of spiro piperidines of formula 2 and 
2a to protected amino acids of formula 1, wherein L is a suitable 
protecting group, is conveniently carried out in an inert solvent such as 
dichloromeihane by a coupling reagent such as DCC or EDC in the 
presence of HOBT. Ahematively, the coupling can also be effected 
with a coupling reagent such as BOP in an inert solvent such as 
dichloromeihane. Separation of unwanted side products, and 
purification of intennediaies is achieved by chromatography on silica 
gel, employing flash chromatography (W. C. Still M. Kahn, and A. 
Mitra J. Orf^. Chcm. 1978, 2923). MPLC or preparative TLC. 
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SCH E ME 1 




Conversion of 3 and 3a io inienmediaies 4 and 4a can be 
5 carried oui as illustraied in Scheme 2. Removal of benzyloxycarbonyl 
groups can be achieved by a number of methods knowTi in the an; for 
example, catalytic hydrogenaiion wiih hydrogen in the presence of 
palladium or plarinum catalyst in a protic solvent such as meihanol. In 
cases where catalytic hydrogenaiion is contraindicated by the presence 
0 of other potentially reactive functionality, removal of benzyloxy 
carbonyl groups can also be achieved by treatment wiih a solution of 
hydrogen bromide in acetic acid. Removal of BOC protecting groups is 
carried out in a solvent such as mediylene chloride or miethanol, with a 
strong acid, such as hydrochloric acid or trifluoroacetic acid. 
Conditions required to remove other protecting croups which may be 



wo 94/13696 



PCT/US93/n038 



-22 - 

present can be fovmd in Greene, T; Wuis, P.G.M. Protective Groups in 
Organic Synthesis , John Wiley & Sons, Inc., New York, NY 1 991 . 

SCHEME 2 



10 



15 



R2 ?^ 

CO 

I 




B' K 



3 '^3b 



Removal of 
Protecting Gioup 

38 




20 



25 



R,-f-N-L 
CO 

I 



Q 



B 



T 

3a "3b 



•G /R, 
H 



R9 Re 

.2 ,6 

I K 



I 

CO 

I 



N-H 



B 

i 

D. 




G.^Rsa 
H 



T 

4a Rat, 



y 



Iniermediaies of formula 5 and 5b, wherein A is a 
methylene or a subsrinjied methylene group, can be prepared as shown 
in Scheme 3 by coupling of iniermediaies of fonnuia 4 and 4a lo amino 
acids of fora3ula 6. once again, in an inert solvent such as 
dichloromeihane by a coupling reageni such as EDC or DCC in the 
presence of HOBT. These amino acids 6 are knoN^oi amino acids or 
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amino acids readily sjmthesized by methods known to those skilled in 
the an. Aliematively, the coupling can also be effected with a coupling 
reagent such as BOP in an inert solvent such as dichloromethane. Also 
if R4 or R5 is a hydrogen then amino acids of formula 7 are employed 
in the coupling reaction, wherein L is a protecting group as defined 
above, to give Sa and 5c. Deprotection of Sa and Sc (L = protecting 
group) can be carried out under conditions known in the an. 



SCHEMA S 



10 



15 



20 



25 



30 



Ro Re O 

-N-C-A-N 

CO Ri; or L 

I 
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Compounds of formula 1 and II wherein R4 and/or R5 is a 
hydrogen can be further elaboraied lo new compounds 1 and 11 
(preferred side chain R? = CH2-CH(OH)-CH2X. wherein X = H or 
OH) which are subsriiuied on the amino group as depicted in Scheme 4. 
Reduciive aminaiion of 1 and II with an aldehyde is carried out under 
condiiions known in the an; for example, by caialyiic hydrogenation 
with hydrogen in the presence of platinum, palladium, or nickel 
catalysts or with chemical reducing agents such as sodium 
cyanoborohydride in an inert solvent such as methanol or ethanol. 
Alternatively, a similar irajisformaiion can be accomplished via an 
epoxide opening reaction. 



25 



30 
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SCH EME 4 




I R4 and/or = H 



Reductive 
Amination 

or Epoxide 
opening 



R,— |-N-C-A~n: 
CO 



R. 




^2 ?e 9 R4 

R,— (-N-C-A-N 
CO Rs 




I where R^ and/or R5 is C1-C6 
alkyi or substituied atkyi 

R2 R 




II R4 and/or = H 



II v/here and/or R5 is CI-C6 
alkyI or substituted alkyI 



Compounds of formula 1 and II, wherein A is N(R2)- 
3^ fCH2)2-C(R7)(R7a)-(CH2)y, can be prepared as shovtoi jn Scheme 5 by 
reading 4 or 4a with reaoems 8, wherein X is a good leaving group 
such as CI, Br, 1, imidazole. Aliematively, 4 and 4a can be reacted 
wiih an isocyanaie of formula 9 in an inen solvent such as 1,2- 
dichloroeihane. If R4 or Rs is hydrogen in the final product, the 
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reagenis 8 and 9 will bear a removable proieciing group L in place of 
R4 or R5. 



SCHEME 5 



R2 Be 
R,— |-N-H 




B 



R2 P6 ^ OR 



O R- 

X-JL-N- (CH2),-|- (CH2)yN^ I 
R7* R. 



OR 



^^-f-^-^ By .R, 

CO / 
0=C=N-(CH2)x-|— (CH2)yN^ 



20 I '"^^ "^R^ 

9 



^3a 



4a "3b 

The compounds 1 and II of ilie present invention can also 
be prepared in a convergent manner as described in reaction schemes 6, 
7 and 8. 

30 The protected amino acid derivatives 10 are, in many 

cases, commercially available where M = methyl, ethyl, or beruyl 
esters. Other ester protected amino acids can be prepared by classical 
methods familiar to those skilled in the an. Some of these methods 
include the reaction of a protected amino acid with a diazoalkane and 
removal of a protecimg group ihc reaction of an amino acid with an 
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appropriate alcohol in the presence a sirong acid like hydrochloric acid 
or p-to)uenesulfonic acid. SNTithetic routes for the preparation of new 
amino acids are described in Schemes 14, 15, and 16. 

Iniermediaies of formula 11 and 11a, can be prepared as 
shouTi in Scheme 6 by coupling of amines 10 to amino acids 6 and/or 7, 
wherein L is a proieciing group, as described above in Scheme 3. When 
a urea linkage is present in 11 or 11a, it can be introduced as illustrated 
in Scheme 5. 

SCHEME 6 



15 



20 



R,— |-N-H 
COOM * 
10 



HOOC-A-N-Rg 
6 



OR 

HOOC-A-N-L 
7 



R2 ReO 



R4 



N-C-A-N-R5 



COOM 



11 



R2 Re O 
n • II 



f?4 



COOM 
11a 



Conversion of the ester 11 or 13a to intermediate acids 12 
or 12a can be achieved by a number of methods known in the an as 
described in Scheme 7; for exajnple, meihy] and ethyl esters can be 

25 hydrolyzed with lithium hydroxide in a protic solvent like aqueous 

methanol. In addition, removal of benzyl group can be accomplished by 
a number of reductive methods including hydrogenaiion in ihe presence 
of platinum or palladium catalyst in a protic solvent such as methanol. 
An allyl ester can be cleaved v/\\h tetrakis-triphenylphosphine palladium 

30 catalyst in the presence of 2-ethylhexanoic acid in a variety of solvents 
including ethyl acetate and dichloromethane (see J. Org. Chem. 1982, 
42. 587), 
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SCHE ME? 



^9 



R,— 4- N-C-A-N- Rg 



COOM 



11 



l?2 ^6 0 



^4 

N-C-A-N-Rg 



COOH 



12 



10 



15 



20 



25 



Ro Rfi O R^ 
R,— j— N-C-A-N-L 
COOM 
11a 



R5 RfiO 



Ri— pN-C-A-N-L 
COOH 
12a 



Acid 12 or 12a can then be elaborated to 5 & 5a and 5b 
& 5c as described in Scheme 8. Coupling of spiro piperidines of 
formula 2 and 2a to acids of formula 12 or 12a, wherein L is a 
suitable protecting group, is conveniently carried out in an inen solvent 

such as dichloromethane by a coupling reagent such as dicylohexyl 
carbodiimide (DCC) or EDC in the presence of l-hydroxybenziriazole 
(HOBT). Ahemaiively, the coupling can also be effected with a 
coupling reagent such as benzoiriazol-l-yloxytrisCdimeihylamino) 
phosphonium hexafluorophosphate ("BOP") in an inen solvent such as 
dichloromethane. Transformation of £a & 5c to 1 and 11 is achieved 
by removal of the protecting group L. When R4 and/or R5 is H, 
subsiiiuied alkyl groups may be opiionally added lo the nitrogen aiom as 
described in Scheme 4. 



30 
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SCHFME 8 



Rp Re O c 
R, — |— N-C-A-N 

CO Rs or L 




COOH -R.orL 



12a 



Rsb 

2a 



"3b 

25 BbandSc 

The preparation of oxygenaied spiroindanyl piperidine 
intermediaies is illusiraied in scheme 9 in which R3aand R3bare boih 
hydrogens. Hydroboraiion of the pioiecied spiroindene 13 followed by 
3Q oxidative workup wiih pyridinium chlorochromaie provides the 
spiroindanone 34 . 
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S CHE M E 9 



10 



lb 



20 




13 



1.9 BBN 
2. PCC 




14 



Conversion of spiroindanes into benzolactam inteimediates 
is illustrated in Scheme 10. The treatment of the spiroindanone with 
hydrazoic acid in an inen solvent such as chloroform (Schmidt reaction) 
is one of the many suitable literature methods for this transformation. A 
mixture of two benzolactams is formed in this example. The isomers are 
easily separated by chromatography on silica gel. These iniermediaies 
can then be deprotected and ijDcorporated inio growth hormone 
secretagogtjes as depicted in Schemes 1 and 8 utilizing generic 
intermediate 2. 

SCHEME 10 



25 




30 



14 



HNg, HgSOi 




15 




16 
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Alkylaiion of 15 and 16 wiih an alkyl halide in a solvent 
such as DMF in ihe presence of NaH afford 17 and 18 (R2 = C1-C4 
aUcyl). 

SCHEME 10A 



RpX, NaH 

15 or 16 



DMF 




When L is an appropiaie proiecring group such as a benzyl 
eroup the amides can be reduced with lithium aluminum hydride 10 
provide the amines 19 and 21. These amines where R2=H can then be 
alkylated, ar>'lated, acylated, or reacted with subsrituied sulfonyl halides 
or isocyanates employing conditions knouoi to those skilled in ihe an to 
afford compounds 20 and 22. Removal of the protecting group (L) by 
hydrogenolysis using a palladium catalyst provides intermediates that 
can be incorporated into the secretagogues of this invention using the 
chemisnry illusiraied in Schemes 1 and 8 shown above which utilize 
generic intermediate 2. 



30 




25 Aliemaiively, the 1 ,2,3,4*tetrahYdTOspiro[isoquino]in-4,4'- 

piperidine] ring sysiem can be prepared as outlined in Scheme 12. The 
ozonolysis of the proiecied spiroindene followed by dimethyl sulfide 
treatment gives a hemiacetal inienmediaie 24 which under reductive 
aminaiion and acylation conditions provides amine 25. The amino 

30 protecting group (L) has been defined above. 
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SCHEME 12 



5 



10 




25 

15 

The ring analogs of formula 26, where X» Y is H,H; OH,H: 
H,OH; and =0 may be prepared by meiliods described in the liierarure 
and knouTj to those skilled in the an. For example, as illu.sirated in 
Scheme 13, the spiro[2H-l-benzopyran-2,4'-piperidine] analog can be 

20 prepared from a subsiiruied or unsubstimied 2-hydroxyacetophenone 
and a properly protected 4-piperidone as described by Kabbe, H, J. 
S>Tiihesis 1978, 886-887 and references cited therein. The 2- 
hydroxyaceiophenones, in rum, are either commercially available or 
can be prepared by routes in the literature known to those skilled in the 

2^ an. Such methods are described by Chang, C. T- et al, in J. Am. Chem. 
Soc, 1%L 3414-3417. and by Elliott, J. M. et al, in J. Med, Chem. 
1992 . 35, 3973-3976. Removal of the protecting group as described in: 
Protective Groups in Organic Synthesis, Greene, T. W., Wuts, P. G.. 
John Wiley & sons. New York, 1991, and Olofson, R.A. et ah J. Ore. 

3Q Chem. 1984 . 49, 2081-2082, provides the amine which then can be 
incorporated into a growth honmone secreiagogue via the chemistry 
detailed in Schemes 1 and 8 shouoi above which utilize generic 
intermediate 2. 
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10 



1) HCI 

2) H2. Pd/C 
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Tht yceione funciionaliiy in compounds of general sirucnare 
27 may be reduced 10 an alcohol usijig sodium borohydride or may be 
fully reduced to a methylene also employing conditions known to those 
skilled in the an. For example, reduction of the ketone with sodiiun 
borohydride, followed by treatment wnih concentrated hydrochloric 
acid and hydiogenation yield compounds with general structure 29. 
The amine of stnicrure 27, 28, or 29 can then be incorporaied inio a 
growth hormone secretagogue via the chemistry* detailed in Schemes I 
and 8 utilizing generic formula 2. Alternatively, the ketone can often 
be reduced after incorporation into the compounds of Fonmula I. 

Preparation of chiral hydroxyspiro[2H-l-benzopyran-2,4'- 
piperidine] analogs can be achieved using optically active reducing 
agents and the ci^'stallizarion of diasiereomeric salts. 

The compounds of fomiulas 1 and U of the present 
invention are prepared from a variety of substituted natural and 
uruiamral amino acids such as those of formulas 30 and 6 and 7 where 
A is -(CH2)x-C{R7)(R7a)-(CH2V. The preparation of many of these 
acids has been described in the US patent 5206237. 
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The preparation of ihese uiiermediates in racemic form is accomplished 
by classical methods familiar to Jhose skilled in the an (Williams, R. 
"Synthesis of Opiically Active a- Amino Acids'' Pergamon Press: 
Oxford, 1989; VoL 7). Several methods exist lo resolve (DL> 

^ Re 
CO^H 



amLno acids. One of the coimnon methods is to resolve amino or 
carboxyl protected intermediates by cr>'sialli2ation of salts derived from 
optically active acids or amines. Alternatively, the amino group of 

^r, carboxyl protected intermediates can be coupled to optically active acids 
by using chemistry described earlier. Separation of the individual 
diastereomers either by chromatographic techniques or by 
cr)'st3lli2arion followed by hydrolysis of the chiral amide furnishes 
resolved amino acids. Similarly, amino protected intermediates can be 

2Q convened lo a mixture of chiral diastereomeric esiers and amides. 

Sepaiaiibn of the mixture using methods described above and hydrolysis 
of the individual diasiereomers provides (D) and (L) amino acids. 
Finally, an enzymatic method to resolve N-acetyl derivatives of (DL)- 
amino acids has been reponed by Whitesides and coworkers in J. Am. 

25 Chenu Soc\ 1989, IJJ, 6354-6364. 

When it is desirable lo synthesize these intermediates in 
opiically pure form, some established methods include: (1) asymmetric 
electrophilic amination of chiral enolates (7. Am. Chem. Soc. 1986, 
108. 6394-6395, 6395-6397, and 6397-6399), (2) asymmetric 

3^ nucieophilic amination of optically active carbonyl derivatives, (J. Am. 
Chem, Soc\ 1992, 114, 1906; Tetrahedron Lett. 1987. 2fi, 32), (3) 
diasiereoseleciive alkylation of chiral glycine enolate SNiiihons U. Am. 
Chem, Soc, 1991, 775, 9276; J. Org, Chem, 1989,5^, 3916), (4) 
diasiereoselective nucieophilic addition to a chiral electrophilic glycinate 
synihon U. Anu Chem. Soc. 1986. JOS. 1 103), (5) asymmetric 
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hydrogenaiion of prochiral dehydroainijio acid derivanves 
CAsymmeiric Synthesis, Chiral Catalysis; Morrison, J. D., Ed; 
Academic Press: Orlando, FL, 1985; Vol 5), and (6) enzymatic 
syntheses {Angew. Chem, Int. Ed. Engl. 1978, 17, 176). 

For example, alkylaiion of ihe enolaie of 
diphenyloxazinone 31 (J. Am. Chem. Soc. 1991, i 75, 9276) with 
cinnamyl bromide in the presence of sodium bis(irijneihylsilyl)amide 
proceeds smoothly lo afford 32 which is convened inio the desired (D)- 
2-amino-5-pheny]penianoic acid 33 by removing ihe N-i- 
butyloxycarbony] group with trifluoroaceiic acid and hydrogenation 
over a PdCl2 catalyst (Scheme 14) 



15 Ph 



t-Boc 

20 31 



25 



30 



SCHEME U 

Ph., X NaN(TMS)2. 

'••j^ O cinnamyl btomide | y 



Ph 

1) TFA 32 

2) PdCU/H2 




bitenmediaies of formula 30 which are O-benzyK(D)- 
serine derivanves 34 are conveniently prepared from suitably 
substituted benzyl halides and N-pTOtecied-(D)-serine 34. The 
protecting group L is conveniently a BOC or a CBZ group. 
Benzylation of 34 can be achieved by a number of methods well known 
in the literaiure including deprotonation with two equivalents of sodium 
hydride in an inert solvent such as DMF followed by treatment waih one 
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equivaleni of a variety of benzyl halides {Symhesis 1989, 36) as shown 
in Scheme 15. 

SCHEME 15 

V NaH/DMF V 

CO2H COpH 
34 35 



The 0-alkyl-(D)-serijie derivatives are also prepared using 
the alkylation proiocol showm in Scheme 15. Other methods thai could 
be utilized to prepare (D)-serine derivatives of fomiula 35 include the 
acid catalyzed benzylation of carboxyl protected intermediates derived 
from 34 with reagents of fomiula ArCH20C(=NH)CCl3 (O. Yonemiisu 
ei ah Chem. Pharm, Bull. 1988, 56, 4244). Altemarively, alkylation of 
the chiral gylcine enolaies (J. Am. Chem. Soc. 1991, ]J3, 9276; 7. Org. 
Chem. 1989, 54, 3916) with ArCH20CH2X where X is a leaving group 
affords 35. In addition D,L-0-arvO(alkyl)serines can be prepared and 
20 resolved by methods described above. 

The alkylation of N-protecied-(D)-cysteine 36 is carried 
out by the procedure described in the (D)-serine derivative synthesis 
and illustrated below with Rja-X where X is a leaving group such as 
halides and mesyloxy groups as shown in Scheme 16. 

25 



30 
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SCHEME 16 

H 

NaH/THF _ i 



HS 

CO2H C0,H 

36 



L 

2^ 



37 



lO] 



H 
I 



lOJ n CO2H 
38 n=1,2 

The oxidation of the cysieine derivatives 37 to the 
15 sulfoxide 38 (n=J) and the sulfone 38 (n=2) can be accomplished with 
many oxidising agents. (For a review of the oxidation of sulfides see 
Org. Prep. Proced. Int. 1982, 74, 45.) Sodium periodate {J. Org, 
Chem. 1967, 52, 3191) is ofien used for the s^oiihesis of sulfoxides and 
poiassium hydrogen persulfaie (OXONE) {Tetrahedron Lett. 1981, 22, 
20 1287) is used for ihe sjmthesis of sulfones. 

Hence, a variety of subsriiuied amino acids may be 
incorporaied into a growth hormone secreiagogue via the chemistry 
detailed in Schemes 1 and 8. The secreiagogues that contain a sulfoxide 
or a sulfone functional group can also be prepared from the cysieine 
25 secreiagogues by using sodium periodate or OXONE®. Ahemarively 
hydrogen peroxide may be used as the oxidizing reagent in the last step 
of the synthesis as shown in Scheme 17. The sulfoxide 40 (n=I) and 
sulfone 40 (n=2) analogs can be separated by preparative thin layer 
chromatography. 

30 
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CO O 
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30% HjOg/TFA 



15 H 



NHg TFA 

20 [ 1 '^^I'S 




25 

40 

Removal of amino proiecting groups can be achieved by a number of 
methods knox^oi in ihe an; as described above and in Protecrive Groups 
in Organic S\mthesis T.W. Greene, John Wiley and Sons, NY. 1981 . 

Compounds of fomiula 1 wherein and R^ are each 
hydrogen can be further elaborated by reducrive alkylaiion with an 
aldehyde by ihe aforemeniioned procedures or by alkylations such as by 
reaction wiih various epoxides. The products, obtained as 
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hydrochloride or trifluoroaceiaie sails, are conveniently purified by 
reverse phase high performance liquid chromaiogiphy (HPLC) or by 
recT^'Siallization. 

The spiro piperidines of formula 41 can be prepared by a 
number of methods, including the syntheses as described below. 



10 




15 

The spiropiperidines of formula 42, wherein L is a defined 
proieciing group, can be s>nnihesized by meihods thai are known in ihe 
liieraojre (for example H. Ong ei al J. Med, Chem. 1983, 23, 981-986). 

20 The indoline niirogen of 42, wherein L is a protecting group such as 
methyl or benzyl, can be reacted by with a variety of elecirophiles to 
yield spiro piperidines of formula 43, wherein R9 can be a variety of 
fujiciionaliiies. Compound 42 can be reacted with, for example, 
isocyanaies in an inen solvent lilce dichloromeihane to yield urea 

25 derivatives, chloroformates in an inen solvent like dichloromeihane to 
yield carbamates, acid chlorides. 



30 
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25 



42 43 



anhydrides, or acyl imidazoles to generate amides, sulfonyl chlorides to 
generate sulfonamides, sulfamyl chlorides lo yield sulfamides. Also, the 
indoline nitrogen of 42 can be reduciively alkylated with aldehydes with 
conditions kno\\ai in the an. When the aldehyde used in the reductive 
aminaiion reaction is a proiecied glyoxylic acid of strucrure 
HCOCOOM, wherein M is a defined protecting group, M can be 
removed from the product and further derivarized. Alternatively, 42 
can be reacted with epoxides to produce 43, wherein R9 is p-hydroxy- 
<:iihstiruted alkyl or arylalkyl groups. The indoline 42 can also be 
transformed to compounds of fomiula 43, wherein R9 = phenyl or 
subsiinjied phenyl, heteroar>'l or substituted heieroaryl, by carrying out 
the reading 42 with a fluoro phenyl or fluoro heieroaryl reagent. This 
chemistry is detailed in H. Ong ei al J. Med. Chem. 1983, 2i, 981-986. 
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43 44 

The spiro piperidine iriiermediaie 43 (L = Me or Bn), 
wherein R9 is hydrogen or most of the derivaiives described above, can 
be denieihylaied or debenzylaied 10 produce 44, wherein R9 is 
hydiogen or mosi of ihe derivatives described above, as shown in 
Scheme 19. For compounds of formula 43, wherein L = Me, 
demeihylation can be carried out by a number methods familiar those 
skilled in ihe an. For example, demeihylation of 43 be accomplished 
by reacting il with cyanogen bromide and potassium carbonate in an 
inen solvent solvent such as dichloromethane to yield a cyanamide 
which can reduced to give 44 by treatment with lithium aluminum 
hydride in refluxing teirahydrofuran, refluxing strong acid like aqueous 
hydrochloric acid, or with Grignard reagents like methyl magnesium 
bromide. Alternatively, demeihylation of 43 can be effected with the 
ACE-Cl method as described in R. Olofson et al. J. Org. Chem. 
49, 2795 and references therein. For intermediates of formula 43, 
wherein L = Bn, removal of benzyl group can be accomplished by 
reductive methods including hydrogenaiion in the presence of platinum 
or palladium catalyst in a proiic solvent like methanol. Alternatively, 
debenzylation of 43, L = Bn. can be effected with the ACE-Cl method 
as described in R, Olofson et ah J, Orfi. Chem. 1984 

The spiro heterocyclic compounds 45 can be prepared by a 
number of methods, including the s}miheses as described in Scheme 20. 
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base 
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45 

D=0. S. NRq, X^halides, Se, S 

Allylic oxidation of ihe proiecied piperidine 47 is accomplished by 
classical meihods familiar lo those skilled in the an fRabjohn, N. Orfi. 
React, 1976, 24, 261). The resulting allylic alcohol is treated wiih 
ihionyl chloride in an inen solvent such as benzene to provide the 
conesponding chloride 48. WTien D=0 or S, the alkylation is carried 
out in DMF or acetone as solvent unih potassium carbonate as a base, 
and when D=NK9 (R9=H, alkyl, aryl, acyl, sulfonyl, carbamate) the 
reaction is carried out with sodium hydride as a base in an inert solvent 
such as THF to afford the cyclization precursor 49. WOien L is a 
defined protecting croup, compound 49 can be cyclized by a number 
meihods familiar to iJiose skilled in the an. For example, cyclizaiion of 
49 can be accomplished by reaction with tribuiyhin hydride (Curran . 
D. P. Synihesis 1988, 417 and 489) in an inen solvent such as benzene 
to yield 46. Aliemaiively. compound 46 CD=NR9) can be prepared by 
the method shown in Schemes 18 and 19. When D=S- compound 46 can 
be oxidized to the sulfoxide 47 (n=I) and the sulfone 47 (n=2) by many 
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oxidizing agenis (Scheme 21). For example, sodium periodaie is ofien 
used for the synthesis of sulfoxides and OX ONE is used for the 
SNTiihesis of sulfones. Removal of the proieciing group provides ihe 
amine 45 which then can be incorporated into a grouih homione 
secretagogue via the chemistry deiaileds in Scheme 1 and 8 shown above 
which utilize generic intemiediaie 2. 




The spiro piperidines of formula 50 and formula 51 can be 
prepared by the sjoitheses described in Scheme 22. 

The phihalimidines of formula 53, where R] 1 is defined as 
alkvK ar>'l, (CH2)q-ar>'l, or a protecting gioup, are either commercially 
available or can be SNOilliesized from the corresponding phihalimides by 
methods that are kjiowTi in the literature ( for example, Bewster et al in 
J, Org, Chcm., J 963, 28^ 50 J; Mcalees ei olJ, Chem. Soc, 1977, 2038). 
The phihalimidine 53 can be alkylated in the presence of a base, such as 
poiassiiun hydride, lithium or potassium bis(irimethylsilyl)amide. with 
the protected bis 2-haloethyl amine, where L is a defined protecting 
group such as methyl, benzyl, i-BOC, or CBZ, etc., and Y could be CI. 
Br, K \o yield ilie spiropiperidine 54. The protecting group could be 
removed by procedures described above 10 yield formula 50, Reduction 
of ihe lactam in formula 50 by hydrides, such as lithium aluminum 
hvdride, vields formula 51. 




50 51 
h is noted that the order of carr}'ing out the foregoing 



reaciion schemes is not significant and it is within the skill of one skilled 
in the an lo var>' the order of reaciions to facilitate the reaciion or to 
avoid unwanted reaction products. 

Tht growth hormone releasing compounds of Fomiula 1 
and 11 are useful in viiro as unique tools for understanding how 
growth hormone secretion is regulated at the pimitary level. This 
includes use in the evaluation of many factors thought or kno\\Ti to 
influence growth hormone secretion such as age, sex, nutritional 
factors, glucose, amino acids, fauy acids, as well as fasting and non- 
fasting states. In addition, the compounds of this invention can be 
used in the evaluation of how other homiones modify growth 
hormone releasing activity. For example, it has already been 
established thai somatostatin inhibits growth honnone release. Other 
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honnones ihai are imponani and in need of study as lo iheir effeci 
on growth honmone release include ihe gonadal hormones, e.g., » 
lesiosierone, estradiol, and progesterone; the adrenal hormones, e.g., 
conisol and other conicoids, epinephrine and norepinephrine; the 
pancieaiic and gastroiniestinal hormones, e.g., insulin, glucagon, 
gastrin, secretin; the vasoactive peptides, e.g., bombesin, ihe 
neurokinins; and the th\Toid honnones, e.g., thyroxine and 
triiodothyronine. The compounds of Formulas 1 and D can also be 
employed to investigate the possible negarive or positive feedback 
effecis of some of the pituiiar)' homiones, e.g., growth hormone and 
endorphin peptides, on the pituitary to modify growth hormone 
release. Of particular scienrific imponance is the use of these 
compounds to elucidate ihe subcellular mechanisms mediating the 
release of growth hormone. 

The compounds of Formula 1 and D can be administered 
to animals, including man, to release growth hormone in vivo. For 
example, ihe compounds can be administered to commercially 
imponant animals such as swine, cattle, sheep and the like to 
accelerate and increase iheir rate and extent of growth, to improve 
feed efficiency and to increase milk production in such animals, bi 
addinon, these compounds can be administered to humans in vivo as 
a diagnostic tool to directly determine whether the pituitary is 
capable of releasing growth hormone. For example, the compounds 
of Formula 1 and 11 can be administered in vivo to children. Serum 
samples taken before and after such administration can be assayed 
for growth hormone. Comparison of the amounts of growth 
hormone in each of these samples would be a means for directly 
determining the ability of the patient's pituitary to release growth 
hormone. 

Accordingly, the present invention includes within its 

scope pharmaceutical compositions comprising, as an active 
ingredient, at least one of the compounds of Formula 1 and II in 
associaiion with a pharmaceutical carrier or diluent. Optionally, the 
active ingredient of the pharmaceutical compositions can comprise an 
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anabolic agent in addition lo at least one of the compounds of 
Fonnula ] and I] or another composition which exhibits a different 
aciiviiy, e.g., an antibioiic growth permitiant or an agent to treat 
osteoporosis or in combinaiion with a conicosieroid lo minimize the 
caiabolic side effects or with other phaimaceurically acrive materials 
wherein the combination enhances efficacy and minimizes side 
effects. 

Growth promoting and anabolic agents include, but are 
not limited to, TRH, dieihylstilbesierol, estrogens, P-agonists, 
theophylline, anabolic steroids, enkephalins, E series prostaglandins, 
compounds disclosed in U.S. Patent No. 3,239,345, e.g., zeranol, and 
compounds disclosed in U.S. Patent No. 4,036,979, e.g., sulbenox or 
peptides disclosed in U.S. Patent No, 4,41 1 ,890. 

A still further use of ihe grov^nh hormone secretagogues 
of this invention is in combination with other grouih hormone 
secretagogues such as the growoh honmone releasing peptides GHRP- 
6. GHRP-1 as described in U.S. Patent Nos. 4,41 1 ,890 and 
publications WO 89/071 ]0. WO 89/071 1 1 and B-HT920 as well as 
hexarelin and the newly discovered GHRP-2 as described in WQ 
93/04081 or growth hormone releasing hormone (GHRH, also 
designated GRF) and its analogs or growth hormone and its analogs 
or .somatomedins including lGF-1 and lGF-2 or a- adrenergic 
aginisis such as clonidine or serotonin 5HTID agonists such as 
suniiiriptan or agents which inhibit somatostatin or its release such as 
physosiigmine and pyridostigmine. 

As is well kjiown io those skilled in the an, the known 
and potential uses of growth hormone are varied and multitudinous. 
Thus, the administration of tJie compounds of this invention for 
purposes of stimulating ihe release of endogenous growth hormone 
can have the same effects or uses as growth hormone itself. These 
varied uses of growth honmone may be summarized as follows: 
stimulating growth hormone release in elderly humans; treating 
growth hormone deficient adults; prevention of catabolic side effects 
of glucocorticoids, treatment of osteoporosis, stimulation of the 
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immune sysiem, accelerarion of wound healing, accelerating bone 
fracture repair, ueaoneni of growth retardation, treating acute or 
chronic renal failure or insufficiency, treatment of physiological 
shon siarure, including growth hormone deficient children, treating 
shon siarure associated with chronic illness, ireatment of obesity and 
gro\Mh reiardaiion associated with obesity, treating growth 
retardation associaied with Prader-Willi syndrome and Turner s 
s>Tidrome; accelerating the recovery and reducing hospitalization of 
bum patients or following major surgery such as gastrointestinal 
surgery; ireaiment of inirauierine growth retardation, skeletal 
dysplasia, hx'perconisonism and Cushings syndrome; replacement of 
growth horroone in stressed patients; treatment of 
osieochondrodysplasias, Noonans s\nndrome, sleep disorders, 
Alzheimer's disease, delayed wound healing, and psychosocial 
deprivation; treatment of pulmonary dysfunction and ventilator 
dependency; anenuation of protein catabolic response after a major 
opeiarion; treating malabsorption S)'ndromes, reducing cachexia and 
protein loss due to chronic illness such as cancer or AIDS; 
accelerating weight gain and protein accretion in patients on TPN 
(total parenteral nutrition); ireatment of hj'perinsulinemia including 
nesidioblasiosis: adjuvant ireatment for ovulation induction and lo 
prevent and treat gastric and duodenal ulcers; to stimulate thymic 
development and prevent the age-relaied decline of thymic fimction; 
adjunctive therapy for patients on chronic hemodialysis; treatment of 
immunosuppressed patients and to enhance antibody response 
following vaccination; improvement in muscle strength, mobility, 
maintenance of skin thickness, metabolic homeostasis, renal 
hemeostasis in the frail elderly; stimulation of osteoblasts, bone 
remodelling, and cartilage growth; treatment of neurological diseases 
such as peripheral and drug induced neuropathy, Guillian-Barre 
Syndrome, amyotrophic lateral sclerosis, multiple sclerosis, 
cerebrovascular accidents and demyelinarinc diseases; stimulation of 
ihe immune system in companion animals and treatment of disorders 
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of aging in connpanion animals; grouah promotani in livesiock; and 
siimulaiion of wool growth in sheep. 

]i will be known lo ihose skilled in the art thai there are' 
numerous compounds now being used in an effort to treat the diseases 

^ or therapeutic indications enumerated above. Combinations of these 
therapeutic agents some of which have also been mentioned above with 
the growih homione secreiagogues of this invention wiW bring 
additional, complementary', and often S}7iergisiic propenies to enhance 
the growth promoiant, anabolic and desirable piopenies of these 
various therapeutic agents. In these combinations, the therapeutic agents 
and the growth hormone secretagogues of this invention may be 
independently present in dose ranges from one one-hundredth to one 
times the dose levels which are effective when these compounds and 
secretagogues are used singly. 

Combined therapy to inhibit bone resorption, prevent 
osteoporosis and enh;^nce the healing of bone fracrures can be illustrated 
by combinations of bisphosphonaies and the groxMh honmone 
secreiagogues of this invention. The use of bisphosphonaies for these 
utilities has been reviewed, for example, by Hamdy, N.A.T., Role of 

2^ Bisphosphonaies in Metabolic Bone Diseases. Trends in Endocrinol. 
Metab,, 1993 . 4, 19-25. Bisphosphonaies with these utilities include 
alendronate, liludronate, dimethyl • APD, risedronate, etidronate, YM- 
175, clodronate, pamidronate, and BM-2 10995. According to their 
potency, oral daily dosage levels of the bisphosphonate of between 0.1 

2^ mg and 5 g and daily dosage levels of the growth hormone 

secretagogues of this invenrion of between 0.01 mg/kg to 20 mg/kg of 
body weight are administered to patients to obtain effective treatment of 
osteoporosis. 

The compounds of this invention can be administered by 
oral, parenieral (e.g.. intramuscular, intraperiioneal, intravenous or 
subcutaneous injection, or implant), nasal, vaginal, rectal, sublingual, or 
topical routes of administration and can be formulaied in dosage forms 
appropriate for each route of administration. 
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Solid dosage forms for oral adminisirarion include 
capsules, tablets, pills, powders and granules. In such solid dosage • 
forms, the active compound is admixed with at least one inen 
pbamiaceuiically acceptable carrier such as sucrose, lactose, or starch. 
Such dosage forms can also comprise, as is nonnal practice, additional 
substances other than inert diluents, e.g., lubricating agents such as 
magnesium siearate. In the case of capsules, tablets and pills, the dosage 
forms may also comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coalings. 

Liquid dosage fomis for oral adminisiraiion include 
pharmaceutically accepiable emulsions, solutions, suspensions, 
syrups, the elixirs containing inert diluents commonly used in the 
an, such as water. Besides such inert diluents, compositions can also 
include adjuvants, such as wening agents, emulsifying and suspending 
agents, and sweetening, flavoring, and perfuming agents. 

Piepararions according 10 this invention for parenteral 
adminisirarion include sterile aqueous or non-aqueous solutions, 
suspensions, or emulsions. Examples of non-aqueous solvents or 
vehicles are propylene glycol, polyethylene glycol, vegetable oils, 
such as olive oil and com oil, gelaiin, and injectable organic esters 
such as eihyl oleaie. Such dosage forms may also contain adjuvants 
such as preserx'ing, wening. emulsifying, and dispersing agents. 
They may be sieriHzed by, for example, filtration through a 
bacieria-reiaining fiher, by incorporating sterilizing agents into the 
compositions, by irradiating the compositions, or by hearing the 
compositions. They can also be manufactured in the form of sterile 
solid compositions which can be dissolved in sterile water, or some 
other sterile injectable medium immediately before use. 

Compositions for rectal or vaginal administration are 
preferably suppositories which may contain, in addition to the active 
substance, excipienis such as cocoa buner or a suppository wax. 

Compositions for nasal or sublingual administration are 
also prepared with standard excipients well known in the an. 
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The dosage of aciive ingredieni in the composiiions of 
ihis inveniion may be varied; however, it is necessary ihat ihe 
amount of the aciive ingredieni be such thai a suitable dosage fomi is 
obtained. TTie selected dosage depends upon the desired therapeutic 
effect, on the route of adminisirarion, and on the duration of the 
treatment. Generally, dosage levels of between 0.0001 to 100 
mgAcg. of body weight daily are administered to patients and 
animals, e.g., mammals, to obtain effective release of growth 
hormone* 

The following examples are provided for the purpose of 
further illustration onJv and are not intended to be limitations on ihe 
disclosed invention. 
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EXAMPLE 1 

N-(l(R)-((2\3'-d%dro-2-oxo,spiro[piperidme.4,4XJH).quinolm^ 
ryl)carbonyl]-2-(ijidol-3-yl)eihyl]-2-ajTiino-2-meihylpropanajTi^ 
hydrochloride 

Siep A: 1 '-(i-bur>'lo>:ycarbonyl)3,4-dihydro-3-pxospirc| 1 H-indene- 

] .4'-piperidinel 

To a solution of 661 rag (2.31 mmol) of r-O-butyloxy- 
carbonyl)spiro[]H-indene-l,4*-p)peridme] [prepared by the method of 
Chambers, ei al, J. Med. Chem., 1992, 35, 2036] in 5,0 ml of THE was 
added 5.8 ml (1.0 M THF» 2.9 mmol) of 9-BBN. The reaciion mixture 
was healed at 70X until TLC analysis indicated thai the starring 
maierial was consumed. The solution was concentrated and the residue 
was dissolved in dichloromeihane. The solution was cooled to 0®C and 
4.1 g (19.2 mmol) of PCC was added slowly over 15 minutes. The 
reaction mixrure was warmed to room temperanire and then to reflux 
for 30 minutes. The solution was then diluted with ether and filtered 
through a pad of a mixture of celiie and florisiL Purification by flash 
chromoigraphy (silica gel, hexane/eihyl acetate, 4:1) gave 326 mg 
(47%) of the title compound. 

iH NMR (200 ^4H2, CDCI3): 7.75-7.60 (m, 2 H), 7.50-7.44 (m, 2 H), 
4.30-4.15 (m, 2 H), 2.85 (dl, 2 H), 2.63 (s, 2 H), 1.98 (di, 2 H), 1.53- 
1.40 (m, 2 H). 1.49 (s, 9 H). 

Step B: Spiro|lH-indene-l,4'-piperidin]-3(2H)-one irifluoro- 

aceiamide 

A solution of the intermediate from Step A in a 1:1:0.5 

mixture of trifluoroacetic acid, dichloromethane and anisole was stined 

for 1 hour and then concentrated and azeoiioped from toluene to give 

the title compoimd. 

IH NN4R (200 MHz, CDCI3): 7.81-7.70 {m,l H), 7.62-7.45 (m, 2 H), 
7.22-7.15 (m, 1 H), 3.72-3.58 (m.2 H), 3.29-3.04 '(m, 2 H), 2.70 (s, 2 
H), 2.47 (dt. 2 H), 1.85-1.75 (m, 2 H). 
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Siep C: Trifluoroaceiainide-2,3-dihYdrospiro[indene- 

1 .4'pipendine1 

To a soluiion of 1 .0 g (3.21 mmol) of ihe iniermediaie 

^ obiaijied in Siep B in 3.0 mJ of dichloromeihane was added 0.945 ml 
(6.74 mmol) of irieihylamine and 50 mg of DMAP and finally 0,50J ml 
(3.53 mmol) of irifluroacetic acid anhydride. The reaction mixture was 
stirred for 3 hours and then diluted with 20 ml of dichJoromeihane. 
The solution was washed with water, dried over magnesium sulfate, and 

^® concentrated. Purification by flash chromatography (silica gel, 
hexane/ethyl acetate 2:1) gave 568 mg (1.91 mmol). 
JH NMR (200 MHz, CDC13): 7.79^7.64 (m, 2 H), 7.52-7.41 (m, 2 H), 
4.75-4.65 (m,l H), 4.22 -4.08 (m. 1 H), 3.37 (dt, 1 H), 2.92 (di, 1 H), 
2.70 (s, 2 H), 2.08 (dl, 2 H), 1.7J-1.62 (m, 2 H) . 

15 

Step D: Triflouroacetamide>3',4*-dihydro-2-oxospiro[piperidine* 

4,4'flHVouinolinel 

To a solution of 218 mg (3.36 mmol) of sodium azide in 
0.285 ml of .waier and 1.5 ml of chloroform at O'^C was added 0.105 ml 
of sulfuric acid. The reaction mixture was stined for 2.5 hours and 
then the layers were separated and the chloroform layer was dried over 
sodium sulfate. The hydrazic acid solution was then added to a solution 
of 400 mg (1.34 mmol) of the iniermediaie obtained from Step A. To 
this solution was added 0.400 ml of sulfuric acid over 5 minutes. The 
reaction mixture was stirred for 20 minutes and then for 45 minutes at 
45^C and finally for 16 hours at room temperature. The sulfuric acid 
layer was added to ice and then made basic with 50% sodium hydroxide. 
The aqueous layer was extracted with ethyl acetate. The ethyl acetate 
exuacts were dried over sodium sulfate and concentrated. Purification 
of a 100 mg portion of the crude product by flash chromatography 
(siHca gel, dichloromethane/ethyl acetate 1:1 followed by 1:2) gave 50 
mg (0.160 mmol) of a high RF material and 16 mg (0.05J nunol) of a 
low RF material. 
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IH NMR (200 KiHz. CDCI3, high RF): 8.9.8.7 (bs, 1 H). 7.40-7.2) (m, 
2 H), 7 J 8-7.04 (m, J H), 6.90-6.86 (m, J H), 4.52-4.36 (m, 1 H), 3.97- 
3.83 (m, 1 H), 3.52 (dt, 1 H), 3,22 (dt, 1 H), 2.79 (s. 2 H), 2.12-1.66 
(m, 4 H). 1 HNMK (200 MHz, CDCI3, low RF): 8.J2( dd, 1 H), 7.60- 
' 7.52 (m, 1 H), 7.45-7.35 (m, 2 H),6.95 (bs, 1 H), 4.56-443 (m,l H), 
4.03-3.96 (ID J H),3.64-3.62 (in,2 H), 3.49-3.35 (m, 1 H), 3.J 1 (dtj H). 
2.20-1.80 (m.4 H). 

Siep E: 3\4'-dihvdro>2-oxospiTofpiperidine*4,4YJHVquijioline1 

A soluiioji of 49 mg (0.157 mmo)) of the high RF maieriaJ 
from Siep B in methanol/waier 4:1 with excess potasium hydroxide was 
siirred over night. The soluiion was conceniraied and waier and eihyl 
aceiaie were added 10 the residue. TTie layers were separated and the 
aqueous layer was exuacied \\n\h eihyl acetate. The combined organic 
layers were dried over sodium sulfaie and conceniraied.io give 31 mg 
(0.143 mmol) of the title compound. 



Siep F: N-[](R>I(2\3'-dihydro-2-o>;o,spiro[piperidine-4,4XlH)- 

quinolin]- 1 yl)carbonyl]-2-(indol-3-yl)eihyl]-2-l[ I J - 

dimeihvlethvloxvcarbonvnaminol-2-methvlpropan amide 

To a solution of 29 mg (0.1 34 mmol) of the intermediate 

obtained in Step C, 65 mg (0.167 mmol) of 2-amino-N-Il(R)-[2\3*- 

dihydro-2-oxospiroIpiperidine-4,4*(rH)-quinolin]-l-yl)carbonyl]-2- 

(JH-indol-3-yl)ethyI-2-meihylpropanamide, and 24 mg (0.174 mmol) of 

HOBT in dichloromeihane was added 33 mg (0.174 mmol) of EDC 

The reaction was stined overnight and then worked up and purified as 

described for Example 1 (Step A) with one exception, dichoromeihane/ 

aceione was used for the chromatography. 34.8 mg (0.059 mmol) of the 

riile compound was obtained. 
30 ^ 

SiepG: N-fl-(.R).I(2\3*-dihydro-2-oxo,spiro(piperidine-4,4'(lH)- 
quinoIin]-ryl)carbonyl)-2-(indol.3-yl)eihyl]-2-amino-2- 
methvlpropanamide hvdrochloride 
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The litle compound (7.2 mg, 0.013 mmol) was obtained 
from the iniennediate from Siep D (14 mg, 0.023 mmol) according to 
the procedure described for Example 1 (Siep C) with one exception. 
The hydrochloride salt was generated from the punned free amine by 
the addition of 4 N HCl in dioxane in this case. 
JH NMR (400 MHz, CD3OD, 2:1 mixture of rotomers): 8.34 (d, 2/3 
H). 8.27 (d, 1/3 H), 7.59 (d, 2/3 H), 7.55 (d, 1/3 H), 7.38 (d. 1/3 H). 
7.33 (d. 2/3 H), 7.25 (d, 1/3 H), 7.18-6.98 (m, 4 H), 6.85 (d, 1/3 H), 
6.80 (d, 2/3 H), 6.68 (d, 2/3 H), 5.23-5.17 (m, 1 H), 4.22-4.19 (m, 2/3 
H), 4.09-3.95 (m, 1/3 H), 3.62-3.59 (m, 1/3 H). 3.36-3.17 (m, 2 2/3 H), 
3.08 (dt, 1/3 H), 2.75 (dt, 1/3 H). 2.69 (di, 2/3 H). 2.48 (dd. 2 H), 1.93- 
1.75 (m. 2/3 H), 1.60 (s. 3 H), 1.58 (s. 2 H). 1.40-1.32 (m, 1 H). 1.51 
(s, 1 H). 1.10 (m, 1/3 H), 1.02 (m, 2/3 H), 0.90 (dl. 2/3 H). 0.22 (dt. 2/3 
H). FAB-MS: m/e 490 (m+1). 

EXANfPLE 2 

N-[l(R)-l(2',3'-dihydro-l-oxospiro[piperidine-4,4'(lH)-isoquinolin]- 
ryI)carbonyl]-2-()ndol-3-yl)eihyl]-2-amino-2-meihylpropanamide 
hydrochloride 

Step A: i3'.4'-dihvdro- 1 •oxospirofpiperidine-4.4'n HVisoouinolinel 

The title compound (1 1 .3 mg, 0.036 mmol) was prepared 
from the low RF iniennediate from Example 1 (Step D) (16.0 mg, 
0.051 mmol) according to the procedure described for Example 13 
(Step D). 

IHNMR (200 MHz. CDCI3): 8.12 (dd, 1 H). 7.60-7.52 (m, I H), 7.45- 
7.35 (m. 2 H), 6.95 (bs. 1 H). 4.56-4.43 (m, 1 H), 4.03-3.96 (m, 1 H), 
3.64-3.62 (m. 2 H), 3.49-3.35 (m, 1 H). 3.1 1 (dl. 1 H), 2.20-1.80 (m. 4 
H). 

Step B: N-1 1 (R)-| (2\3'-dihydro- 1 -oxo,spirolpiperidine-4.4'(I H)- 
isoquinoiin]- 1 'yl)carbonyl]-2-(indol-3-yl)eihyl]-2- 
[1 1.1 dimeihylethyloxycarbonyllamino]-2-methyl- 
propanamide 
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The ritle compound (13.6 mg, 0.023 niinol) was prepared 
from the imermediaie from Siep A (10.0 mg, 0.032) and 2-amino-N- 
|l(R)-[2',3'-dihydro-2-oxospiroIpiperidine-4,4'(l'H)-quinolin]-l- 
yl)carbon3'l]-2-(lH-iDdol-3-yl)ethyl-2-methylpropajiamide (21.6 mg, 
^ 0.055 mmol) according to the procedure described for Example 13 
(Step D). 

Step C: N-ll(R>[(2\3'-dihydro-]-oxospiro(piperidine-4,4'(IH)- 

isoquinolm]-ryl)carbonyl]-2-(indol-3-yl)ethyl]-2-amino-2- 

meihvlpropanamide hydrochloride 

-A solution of 10.1 mg (0.017 mmol) of the intemjediate 
obtained from Step B in 1.5 N HCl in ethyl acetate was stirred over 
night and then concentrated and azeoiroped from methanol to yield 8.3 
mg (0.015 mmol) of the title compoimd. 

15 iH NMR (400 MH2, CD3OD, 2:1 mixture of rotomers): 7.94 (d, 1/3 
H), 7.87 (d. 2/3 H), 7.62-7.53 (m, 2 H), 7.40-7.33 (m, 2 1/3 H), 7.18- 
7.10 (m, 3 H), 6.75 (d, 2/3 H). 5.22-5.18 (m, 2/3 H), 5.15 (t. 1/3 H). 
4.27-4.23 (m, 2/3 H). 4.14-4.10 (m, 1/3 H), 3.68-3.61 (m, 1 H), 3.25- 
3.1 8 (m, 4 H). 3.10 (dt. 2/3 H), 2.87 (dt, 1/3 H). 2.70 (dt, 1/3 H), 2.65 

2« (dt. 2/3 H). 1.88 (dt, 1/3 H), 1.75 (dt, 1/3 H). 1.62 + 1.61 + 1.59 + 1.51 
(s, 6 H total), 1.57-1.44 (m. 1 H), 1.38-1.35 (m, 1/3 H), 1.15-1.10 (m, 
1/3 H), 0.929 (dt, 2/3 H),0.19 (dt, 2/3 H). FAB-MS: m/e 490 (m+1). 

EXAN4PLE 3 

25 

N-1 1 (R)-1(4H- 1 -oxospiro{3H-2-benzopyran-3,4'-p}peridin]- 1 
yl)carbonyl]-2-(indol-3-yl)-ethyl]-2-amino-2-methylpropanamide 
hydrochloride. 

Step A: Spirol3H-2-ben2opvran-3.4'-piperidin1- 1 f4HVone 

To a suspension of 10% palladium on carbon (5 mg) in 
eihanol (5 mL) was added of r-benzylspirol3H-2-ben2opyran-3,4 - 
piperidine]-] (4H)-one (20 rag, 0.058 mmol). (Hashigaki et al Chem . 
Phann. Bull . 32 pg 3561 -3568 (1 984)). Hydrogenation was performed 
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ai 1 atmosphere pressure at room lemperanire. The reaciion was 
siined for 2 hours under hydrogen atmosphere, ujiiil TLC analysis . 
indicated that the reaction was complete. Tlie catalyst was removed by 
vacuum filvrarion through celiie 545 and the filtrate was concentrated to 
give the desired product (12.4 mg, 98.5%). 
FAB-MS calc. for C13H15NO2 217; found 218 (M+H, 100%). 



Siep B: N-[l(R)-[(4H-l-oxospiro[3H-2-benzopyran-3,4'-piperidin]- 
r"yl)cajbonyl]-2-(indol-3^yl)-ethyl]-2-[[(lJ-dimethyJ- 

ethv]oxvkarbonv11ajnino1»2'methv1propan amide 

A solution of the iniemiediaie from Step A (12 mg, 0.055 
mmol) and a(R)-[12-[I(l,l-dimeihylethoxy)carbonyl]ajnino]-2,2- 
dimeihyM-oxoethyl]amino]-lH-indole-3-propanoic acid (27 mg, 0.058 
mmol) in dichloromethane was cooled to 0*^C and then HOBT (2 mg, 
0.015 mmol), N-methyl-morpholine (8.8 mg; 0.084 mmol) and EDC 
(22 mg, 0.12 mmol) were added. The reaciion mixture was siirred at 
room lemperarure for 1 hour, until ihe reaciion was judged complete by 
TLC analysis. The solution was then washed wiih saturated sodium 
chloride and dried over anhydrous magnesium sulfate. Tlie solution 
was then filtered and concentrated. Purification by silica gel 
chromatography provided the title compound (15 mg, 47%). 
FAB-MS calc. for C33H4ON4O6 588; Found 589 (M4H, 39%) (489 
M+H- 1 00, 42%) loss of /- Boc group]. 

Step C: N-1 1 (R)-I(4H. 1 "Oxcspiro[3H-2.ben2opyran-3,4*.piperidin]- 
r-yl)carbonyl]-2-(indol-3-yl)-ethyl]-2'amino-2-methyl- 

propanamide hydrochloride 

A solution of the intermediate from Step B (12 mg, 0.02 
mmol) in methanol (3 mL) was cooled to 0°C. While stirring, 
concentrated hydrochloric acid (3 mL) was then added slowly to the 
"mixture. The reaction "was stirred for"30'minuies, until TLC analysis 
indicated that the reaciion was complete. The solution was then 
concenu-ated several rimes from toluene. The hydrochloric sah was 
used without purification (10.15 mg, 96%). 
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iH NMR (400 MHz, CD3OD): The product exists as a mixture of two 
conformers (2: J): 5 7.977, 7.905 (2d, 2/3 H), 7.604-6.994 (m, 8 H), 
5.134-5.093 (m, 1 2/3 H), Hidden 5.025-4.715 (m, 2 H), 4.191-4.114 
(m, 1/3 H). 3.637-3.587 (m. 1 H), 3.344-3.299 (m, 1 H), 3.188-3.124 
^ (m, 1 H), 3.030 (s, 2/3 H). (dt, 2.81 Hz. 9.4 Hz. 1/3 H), 2.536 (q, 1 H), 
2.301 (t, 1/3 H). 1.590, 1.571 (2s. 6 H), 1.539-1.483 (m, 2/3 H). 1.275 
(s. 6 H), 1.259-1.206 (m. 2/3 H), (m, 1 H). 0.633-0.545 (m. 1/3 H). 
-0.277 -0.361 (m, 1/3 H). 

FAB-MS calc. for C28H32N4O4 488; found 489 (M+H. 65%). 

10 

EXAMPLE 4 

N-|l(R)-I(4',5'-dihydro-4'-oxospiro[piperidine-4,6'-|6H)thieno(2,3. 
b]thiopyran]-l-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-amino-2- 
propanamide hydrochloride 

Siep A: N-ll(R)-((4\5'-dihydro-4'-oxospiro[piperidine.4,6'- 

[6H]lhieno[2,3-b]tliiopyran]-l -yl)carbonyl]-2-(indol-3- 

yl)eihyl]-2-[ I( 1 ,1 -dimethyleihy loxy)carbonyl)aniino]-2- 
20 . , 

propanamide 

Prepared by the procedure described in Example 3, Step B. 
Spiro[piperidine-4,6'-16H]ihjenol2.3-b]thiop>Tan)-4'(5'H)-one 
hydrochloride, (10 mg, 0.044 mmol) EP publication 90313262.9, a(R)-. 
((2-I[(l ,1 -dimethylethoxy)carbonyl]amino3-2,2-dimeihyI-l - 
oxoeihyl]aminol-lH-indole-3-propanoic acid (20 mg, 0.051 mmol), 
HOBT (1 eq.), N- raeihylmorpholine (0.01 mL, 0.093 mmol), and EDC 
(20 mg, 0.10 mmol). Reacrion rime: 5 hours. Yield: 22 mg (98%). 
iH NMR (400 MHz, CDCI3): product exists as a mixnire of two 
confomiers (2:1): 6 8.240 (s, 2/3 H), 8.063 (s, 1/3 H), 7.680 (d, 2/3 H), 
7.628 (d, 1/3 H), 7.416-6.962 (m, 5 H), 5.279-5.162 (m, 1 H), 4.878- 

4.7.63-(m, 1 H).-4.285 (d, 2/3 H), 3.376 (d, 2/3 H), 3.342-3.196 (m, 1 

H), 3.129-2.973 (m, 1 2/3 H), 2.715-2.662 (m, 1 H). 2.285 (d. 2/3 H), 
2.139 (d. 2/3 H). 1.683-1.567 (m, 8 1/3 H). 1.503, 1.454, 1.427, 1.409 
(4s. 12 H), 1.278-1.217 (m, 2 H), 0.708-0.628 (m. 2/3 H). 
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FAB-MS calc. for C31H3RN4O5S2 610; found 611 (M+H.32%). 

Siep B: N-[ 1 (R)-I(4'.5'-d)hydro-4'-oxospiro(piperidine-4,6'- 
I6H]ihieno[2,3-b]ihiopyran]-]-yI)carbony)]-2-(indol-3- 

^ vl')ethvn-2-amino-2-propanamide hydrochloride 

Prepared by ihe procedure described in Example 15, Step 
C. The inieriDediaie from previous Siep (200 mg, 0.033 rrunol) and 
methanol (3 mL). Reaction time: 1.5 hours. Yield: 12.2 mg (69%). 
' H NMR (400 MHz, CD3OD): The product exists as a mixmre of two 
conformers (2:1): 5 7.562-7.022 (m. 6 H), 5.513-5.446 (m, 6 2/3 H), 
5.099-5.003 (m, 1 H), hidden 4.914-4.726 (m, 2/3 H), 4.178 (d, IH). 
3.624 (d, IH). 3.337-3.043 (m, 2 2/3 H), 2.760-2.660 (m. J H), 2.324 
(d. IH), 2.234 (d. IH). 1.597, 1.587. 1.574, 1.510 (4s, 4H), 1.364-1.225 
(m, 3H), 0.562-0.482 (m, 2/3 H), -0.311 -0.391 (m, 2/3 H). 
FAB-MS calc. for C26H30N4O3S2 510; found 511 (M+H,51%). 

EXAMPLE 5 



10 



IS 



20 



25 



30 



N-(l(R)-((3-hydrospiroI lH-isoben2ofuran-l,4'-piperidin)-r- ! 
y])carbonyl3-2-(indol-3-yl)ethyl]-2-amino-2-meihylpropanamide j 
hydrochloride 

Step A: N-(l(R)-I(3-hydiospiro[lH-isoben2ofuran-l,4'-piperidin]- 
1 '-yl)-carbonyl]-2-(indol-3-yl)ethyl]-2-[l(l ,1 -dimethyl- 

ethy]oxy1carbonvnamino1-2-methy!propanamide 

Prepared by the procedure described in Example 3, Step B. 
3-Hydrospiro[IH-isoben2ofuran-l,4'-piperidine) hydrochloride (10 mg, 
0.044 mmol), (Bauer el a] US 3985889) a(R)-f[2-[((l .1-dimethyl- 
eihoxy)carbonyl]amino3-2,2-dimethyl- 1 -oxoeihyljamino]- 1 H-indole-3- 
propanoic acid (20 mg, 0.051 mmol), HOBT (1 eq.), N-methyl- 
-morpholine (0.01 mL, 0.093 mmol), and EDC (20 mg, 0.10 mmol). 
Reaction time: 5 hours. Yield: 21 mg (81 %). 

The product exists as a mixture of two confonners (1:1): 



• 
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(iH NMR CDCI3): 6 8.096 (s. 1 H), 7.689 (t, 1 H), 7.341 (d. 1 H). 
7.244-6.61 1 (m, 6 H), 5.288-5.202 (m. 1/2 H). 4.945 (br. s. 1/2 H), 
4.161 (d, 1/2 H), 4.003 (d. 1/2 H), 3.338 (d, 1/2 H), 3.280-3.115 (m. 2 
H). 3.005-2.861 (m, 1 H). 2.751 (d, 1/2 H), 2.416 (d, 1/2 H), 1.787- 
1.549 (m 3 J/2H). 1.491. 1.461, 1.421. 1.410 (4s, 12 H), 1.281-1.212 
(m, 3 H), 0.857 (t, 6 H). 

FAB-MS calc. for C32H40N4O5 560; found 561 (M-fH, 33%). 

Step B: N-Il(R)-[(3-hydrospiro[lH-isoben2ofuran-l,4'-piperidin)- 
r-yl)carbonyl]-2-(ijidol-3-yl)ethyl]-2-amino-2- 

iDeihvlpropanamide hydrochloride 

Prepared by the procedure described in Example 3, Siep C. 
The iniermediate from previous Siep (20 mg, 0.04 mmol) and melhanol 
(3 mL). Reaction rime: 1 hour. Yield: 18.2 rag (93.5%). 
1 H NMR (400 CD3OD): The product exists as a mixture of two 
confomiers (1:1): 5 7.621-6.568 (m, 8 H), 5.198-5.136 (m, 1 H), 
hidden 4.856 (br. s, 1 H), 4.098-4.045 (m, 1 H), 3.611-3.499 (m, 1 H), 
3.348-3.1 10 (m, 5 1/2 H), 2.987-2.903 (m, 2 1/2 H), 2.618 (d, 1/2 H), 
2.508 (d, 1/2 .H), 1.691-1.473 (m. 8H). 1.271 (br. s, 2 1/2 H), 0.081- 
-0.006 (m, 1/2 H). 

FAB-MS calc. for C27H32N4O3 460; found 461 (M-i-H. 96%). 

EXAMPLE 6 

N-l 1 (R)-[(3,4-dihydro-6-methy!-4-oxospiro(2H-l •ben2opyran-2.4'. 
piperidin)- 1 '-yl)caibonyl]-2-(indol-3-y))ethyI)-2-amjno-2- 
methvlpropanamide hydrochloride 

Siep A: N-( l(R)-I(3,4-dihydro-6-meLhyl-4-oxospiro[2H-l-ben20- 
p>Tan-2,4*-piperidin]-l*-yl)carboriyl]-2-(iridol-3-yl)ethyl]- 
2-[|(IJ-dinieihyleihyloxy)carbonYl]amino]-2-nieihyl- 

propanamide 

Prepared by the procedure described in Example 3, Step B. 

3.4-Dihydro-6-meihylspiroI2H-l-ben2opyran-2,4'-piperidine]-4-one 
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hydrochloride (20 mg, 0.058 minol), (Hashigaki ei a] Chem . Pharm. 
BuiL22 pg 3561-3568 (1984)) a(R)-[[2-[((l.J.diinethyleihoxy)- • 
carbonyl3amiiio3-2,2-dimeihyl-J-oxoeihyl]ainino]-lH-indoIe-3- 
propanoic acid) (32 mg, 0.082 mmol). HOBT (1 eq.), N-meihyl 
morpholine (0.03 mL, 0.28 mmol), and EDC (40 mg, 0.2) mmol). 
Reaciion lime: 8 hours. Yield: 34 mg (86%). 

iH NMR (400 MHz, CDCI3): The product exists as a mixture of two 
conformers (2:1): 6 8.154 (s, 2/3 H), 8.088 (s, 1/3 H), 7.626 (d, 2/3 
H). 7.591-7.060 (m, 6 H), 6.725-6.688 (m, 2/3 H). 5.265- 5.168 (m. . 
2/3 H), 4.985-4.900 (m, 2/3 H), 4.289-4.178 (m. 2/3 H), 3.469 (s, 2/3 
H), 3.229-3.064 (m, 2 2/3 H), 2.730 (t, 2/3 H), 2.562 (s. 2 1/3 H). 2.25 J 
(d, 2 1/3 H), 2.158 (d, 2/3 H), 2.068 (d, 2/3 H), 1.680-1.541 (m, 3 H). 
1.502, 1.475, 1.454, 1.427, 1.402 (5s. 15 H), 1.292-1.226 (m, 3 H). 
0.616-0.532 (m, 1/3 H), -0.495 -0.590 (m, 1/3 H). 
FAB-MS calc. for C34H42N4O6 602; found 603. (M+H, 37%). 

Step B: N-Il(R)-I(3,4-dihydro-6-methyl-4-oxospirol2H-I-benzo- 
pyran-2,4'-piperidin]- 1 *-yl)carbonyl]-2-(indol-3-yl)eihyl]- 

2'amino-2-meihvipropanamide hydrochloride 

Prepared by the procedure described in Example 3. Step C. 
The iniermediaie from previous Siep (20 mg, 0.029 mmol) and 
methanol (3 mL). Reaciion time: 3 hours. Yield: 17.5 mg (96.5%). 

NMR (400 ^'^H2, CDCI3): The product exists as a mixture of two 
conforniens (2:1): 8 7.550-6.768 (m,7 1/3 H), 5.089-5.016 (m, 2 H). 
hidden 4.872-4.679 (m, 1 H). 4.144-4.093 (m, 1 H), 3.569-3.485 (m, 1 
H). 3.321-3.081 (m, 2 1/3 H), 2.716-2.600 (m. 1 1/3 H), 2.253. 2.236. 
2.222, 2.196, 2.190, 2.155 (6s, 4 H), 1.569, 1.541, 1.475 (3s, 7 H), 
1.388-1.237 (m, 3 2/3 H). 0.881-0.808 (m, 2 H), 0.434-0.420 (m. 2/3 
H). 0.427-0.436 (m, 2/3 H). 

FAB-MS calc. for C29H34N4O4 502; found 503 (M-i-H,97%). 
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EXAMPLE 7 

N-[ 1 (R)-[(3,4-dihydro-4-oxospiro(2H- 1 -ben2opyran-2,4*-piperidin]- 1 
yl)carbonyl]-4-phenylbuTyl-2-amino-2-meihylpropanainide 
^ hydrochloride 

Step A: a(R)4l2-I{(] J*dirnelhy]elhyIoxy)ca^bonyl]amino]-2.2- 
dimelhyl-] -oxoeihyl]ajnjno]-4-phenylbuianoic acid, 

phenvlmethyl ester 

A dichloroineihane solurion of 2(R>amino-4-phenyl- 
buiaDoic acid- phenylmeihyl esier, loluenesulfonic acid sah (6.0 g, 13 
mmol) was exiracied wiih diluie sodium hydroxide solution. The 
organic layer was dried over MgS04 and evaporated to give a residue. 
To the solution of the residue, N-ten-buiyloxycarbonyl-a-meihyl- 
alanine (3.21g, 15.8 mmol), HOBT (].7g, 13 mmol) in dichloromethane 
was added EDC (5.1 g, 26 mmol) and the mixture was stirred overnight 
at room temperature. The mixture was then poured into a mixture of 
brine and 3 N HCl and extracted with ethyl acetate. The organic extract 
was dried, evaporated, and purified by flash column chromatography, 
during with 40% ethyl acetate in hexane, to give the desired product 
(5.47g, 91%). 

iHNMR (400 MHz, CDCls): 5 7.34-7.07 (m, 10 H), 5.15 (dJAB=12 
Hz, 1 H), 5.08 (d, Jba=12 Hz, 1 H), 4.86 (br. s, 1 H), 4.67-4.62 (m, 1 
H), 2.61-2.53 (m, 2 H), 2.18-2.14 (m, 1 H), 2.01-1.96 (m, 1 H), 1.47 
« (s,3H). 1.43(s,3H), 1.41 (s, 9 H). 

Step B: a(R)-ll2-ll(l,I-dimethyleihyloxy)carbonyl]amino]-2,2- 

dimethvM-oxoethyl1amino1-4>phenvlbutanoic acid 

The intermediate from previous Step (5.37 g. 1 1.8 mmol) 
30 was hydrogenaied at room lemperarure and 1 atm of H2 using 10% 
• palladium on carbon as'catalysi (0.5 g) for 2 hours. The catalyst was 
filtered through celiie and evaporated to give the title compound (4.22g. 
100%). 
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NMR (200 MHz, CD3OD): 5 7.804-7.143 (m, 5 H), 4.402-4.359 (m, 
1 H), 2.672 (dt, 2 Hz, 6 Hz, 2 H). 2 J 26-2.004 (m, 2 H). 1 .483, 1 .444 
(2s. 5 H). 1.423 (s, 9 H), 1.412 (s, 3 H). 

Siep C: N-|l (R)-[(3,4-dihydro-4-oxospiro(2H-l-benzopyran-2,4*- 
piperidin] - 1 '- yl)carbony 1] -4 -phenylbutyl-2-[ [( 1 , 1 - 
dimethvlethvloxvtcarbonvnajninol-2-methvlpropanannide 
A solution of spiro(2H-l-benzopyran-2,4'-piperidin]-4(3H)- 
one (20 mg, 0.0.776) and the intermediate from previous Step (31 mg, 
0.085 mmol) in dichloromeihane was cooled to O^C and then HOBT (J 
eq.), N-methylmorpholine (0.1 mL. 0.90 mmol) and EDC (33 mg, 0.17 
mmol) were added. Tht reaction mixrure was stirred at room 
temperature for 3 hours, until the reaction was judged complete by TLC 
analysis. The solution was then washed with saturated sodium chloride 
and dried over anhydrous magnesium sulfate. The solution was then 
ilhered and concentrated. Purification by silica gel chromatography 
provided the title compound (41.6 mg, 95.5%). 
iH KMR (400 MHz, CDCI3): The product exists as a mixnire of two 
confonmers (1:1): 6 7.853-6.925 (m, 9 H). 4.936-4.868 (m. 2 H). 
4.355-4.265 (mt, 1 H), 3.605-3.565 (m, 1/2 H), 3.388-3.318 (m, 1 H), 
3.022-2.965 (m, 1 H), 2.686-2.608 (m. 3 H), 2.067-1.948 (m, 2 1/2 H). 
1.871-1.810 (m, 1 H), 1.580 (br. s, 2 H), 1.503, 1.488, 1.455, 1.411, 
1.403 (5s, 15 H), 1.292-1.227 (m, 2 H). 

Step D: N-n (R)-f (3,4-dihydro-4-oxospiro(2H-l-ben2opyran-2,4'. 
piperidin}- 1 '-yl)carbonyl]-4-phenylbutyl-2-amino-2- 

methvlpropanamide hydrochloride 

A solution of intermediate from previous Step (40 mg, 
0.071 rmnol) m ethyl acetate wa.s cooled to O^C. Then hydrochloric gas 
was bubbled into solution for 2 minutes. The reaction was stined for 
~r5lTTinutes7untirTLC indicated that ilTe~reacTion wa.s compleie. The 
solution was concemraied and the hydrochloric sah (33.8 mg, 95.5%) 
was used without purification. 
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1h NT^1R(400 CD3OD): The produci exists as a mixture of rsvo 
conformers (1:J): 5 8.271-8.229 (m, 1 H), 7.799 (dd, 1 3/4 Hz, 7.84 
Hz, J H), 7.545 (q, 1 H). 7.289-7.006 (m, 7 H). 4.737-4.703 (m, 1 H). 
4.277 (d, 1/2 H), 4,186 (d, 1/2 H), 3.555-3.292 (ra, 1 1/2 H). 3.187- 
3.068 (m, 1 H), 2.809-2.724 (2m, 2 H), 2.633-2.563 (m, 1 H), 2.085- 
1.927 (m. 3 1/2 H), 1.645, J. 639. 1.616 (3s. 6 H). 1.677-1.603 (m. 3H) 
1.316-1.279 (m. 2 H). 

FAB-MS calc. for C27H33N3O4 463; found 464 (M+H, 54%). 

N-l 1 (R)-[(3,4-dihydro-4-oxospiroI2H-] -ben2opyran-2,4'-piperidin]-l '- 
yl)caibonyl]-2-(phenyljiieihyloxy)eihyl]-2-amino-2-methylpropaii amide 
hvdrnchlonde 

Step A: N-[l(R-[3,4-dihydro-4-oxospiro[2H-l-beii2.opyran-2.4'- 
piperidin]- 1 '-yl)carbDnyl]-2-(phenylmethy]oxy)ethyl]-2- 
ll(l,l-dimethylethyloxy)carbDnyl]amino]-2-meihyl- 

propanamide. 

A solution of spiro(2H-l-benzopyran-2.4'-piperidin]-4(3H)- 
one (20 mg, 0.776) and a(R)-([2-[I(I .l-dimetbyleihYloxy)carbonyl]- 
aniino)-2,2-dimethyl- 1 -oxoethynamino]-3-(phenylmethyloxy)-3- 
propanoic acid (32 mg, 0.085 mmol) in dichloromelhane was cooled to 
0°C and ihen HOBT (1 eq.), N-meihylmorpholine (0.1 mL, 0.90 mmol) 
and EDC (33 mg, 0.171 mmol) were added. The reaction mixmre was 
stined at room lemperarure for 4 hours, until the reaction was judged 
complete by TLC analysis. The solution was then washed with saturated 
sodium chloride and dried over anhydrous magnesium sulfate. The 
solution was then filtered and concentrated. Purification by silica gel 
chromatography provided the title compound(40.8 mg, 91%). 
FAB-MS calc. for"C32H4rN3"07 579rfound 580 (M+H. 23%); [found 
4R0 (M-hH-100, 57%) loss of f-Boc protective group]. 
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Siep B: N-[ 1 (R-((3,4-dihydro-4-oxospiroI2H-I -ben2opyran-2,4'- 
piperidin]-J'-yl)carbonyl]-2-(phenylnielhyJoxy)ethyl]-2- 

amino-2-methvlpropanamide hydrochloride 

Prepared by the piocedure described in Example 3, Step 
D. The imermediaie from previous Step (35 mg, 0.061. mmol) and 
eihyl aceiaie (10 mL). Reaction time: 1 hour. Yield: 30.2 mg (97%). 
^ H NMR (400 MHz, CD3OD): The product exists as a mixnjre of two 
conJormers (J:l): 6 7.800-7.792- (m, 1 H), 7.533-7.578 (m, 1 H), 
7.395-7.285 (m, 5 H), 7.088-7.015 (m, 2 H), 5.551-5.107 (m, 1 H), 
hidden 4.921-4.816 (m, 1 H). 4.535-4.518 (2s, 1 1/2 H). 4.295 (d, 1 H), 
3.911-3.803 (m. 1 H), 3.717-3.703 (2s. 1 1/2 H), 3.499-3.400 (m, 1 H). 
3.309-3.29J (4s, 3 1/2 H), 3.21 1-3.051 (m. 1 H), 2.789 (q. 1/2 H). 
2.633-2.513 (AB q, 1 H). 2.060 (1, 1 H), 1,897 (d, 1/2 H), 1.821-1.725 
(m, 1/2 H). 1.626-1.567 (6s, 6 H). 1.564-1.410 (m. 1/2 H), 1.301 (br. s, 
1 1/2 H). FAB-MS calc. for C27H33N3O5 479; found 480 (M+H, 
100%). 

EXAMPLE 9 

N-[l(R)-[(6-chlorooH-4-oxospiro[lH-quinazoline"2,4'-piperidin]-l - 
yl)carbonyl]-2-(indol-3-yl)eihyl]-2-amino-2-rnethylpropan amide 
hydrochloride 

Step A: N-ll(R>l(6-chlorooH-4-oxospjro[IH-quina2oline-2,4'- 
piperidin]-l'-yl)carbonyl]-2.(indol-3-yl)eihyl]-2-ll(U. 

dirneihvlethv]oxv'^caTbonvl1aTnijioV2>yTiethvl-Dropanarnide 
Prepared by the procedure described in Example 3, Siep B. 
6-Chlorospiro(piperidine-4.2(rH)-quina2olin)-4(3H)one hydrochloride 
(50 mg, O.n mmol), a(R>[|2-ll(l ,l-dimelhylelhoxy)carbonyl]amino3• 
2.2-dimelhyl-l-oxoelhyl]amulo]-]H-indole-3•p^opanoic acid (81 mg, 
"0.21 "mmoD, HOBT (Feq.), N-meih)') mofpholihe CreqO/aria'EDC (80 
mg, 0.42 mmol). Reaciion lime: 3 hours. Yield 64.5 mg (60%). 
FAB-MS calc. for C32H39N6O5CI 623; found 624 (M+H, 29%). 
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Siep B: N-I](R)-I(6 ch]oro-3H-4-oxospiro(lH-quina2oline-2,4- 

piperidin]-r-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-amino-2- 

methvlpropanamide hydrochloride 

Prepared by the procedure described in Example 7, Siep D. 
^ Iniermediate from previous Siep (50 mg, 0.08 mmol). Reaction lime: 1 

hour. Yield: 40 mg (89.5%). 

FAB.MScalc.forC27H3lN603Cl 523; found 523 (M-hH.71%). 

EXAMPLE 10 

10 

N-[ 1 (RM(1 ,4-dihydro-4-phenyM -oxospiro(3H-2-benzopyran-3,4*- 
piperidin]-r-yl)carbonyl]"2-(indol-3-yl)-eihyl]-2-amino-2- 
meihvlpropanamide hydrochloride 

Siep A: 1 ,4-Dihydro-4-phenylspiro(3H-2-ben2opyran-3»4'- 

piperidineVl -one 

Prepared by the procedure described in Example 3, Siep A 
from ] '-benzyl- 1 ,4-dihydro-4-phenylspiro(3H-2-ben2opyran-3,4'- 
piperidine)-l-one hydrochloride, (8 mg, 0.019 mmol) and eihanol (5 
mL). Reaction rime: 45 minutes. Yield 5.5 mg (98.5%). 
FAB-MS calc. for C]9Hi9N02 293; found 294 (M+H, 93%). 

Step B: N-Il(R)-l(l,4-dihydro-4-phenyl.l-oxospirD(3H-2-benzo- 
pyran-3,4'-piperidin]-r*yI)carbonyl]-2-(indol-3-yI)ethyl]- 
2-(I(l J -dimeihylethyloxy)carbonyl]amino]-2-methyl- 

propanamide 

Prepared by the procedure described in Example 3, Step 

B. The tnieimediaie from previous Step (5 mg, 0.017 mmol), a(R)-((2- 

(1(1 ,l-dimethylethoxy)carbonyl)amino]-2.2-dimeihyl-l-oxoeihyl]amino]- 
^° 1 H-indole-3-piopanoic acid (1 2 mg, 0.030 nunol), HOBT (1 eq.), N- 

methyl morpholine (1 eq.). and EDC (12 mg. 0.060 mmol). Reaction 

time: 5 hours. Yield: 9.2 mg (86%). 

iH HMR(400 MHz, CD3OD): The product exists as a mixture of two 
• conformers (1:1): 5R.1R5-8.072 (m. 1 1/2 H).7.RR5 (s. 1/2 H). 7.710- 
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6.813 (m; J2 H), 5.331-5.309 (m; 1/2 H), 5.198-5.111 (m. 1/2 H), 
4.710-4.605 (m, 1/2 H), 4.300-4.235 (m. 1/2 H), 3.876 (d. 1/2 H), ' 
3.719-3.617 (m, 1 H), 3.355-3.046 (m; 1 1/2 H) 2.746 (q, 1/2 H), 
2.006-1.960 (m, J H), I.678-J.574 (m, 2 H), 1.438. -1.368 (m, 6 H). 
1.257. 1.240. 1.227, 1.208, 1.186 (5s, 5 H). 

Step C: N-I I (R)- [(1 .4-dihydro-4 -phenyl- 1 -oxospiroI3H-2- 

ben2opyran-3,4'-piperidin]-r-yl)carbonyl]-2-(indol-3- 
vl')ethvn-2-ajnino-2-meihv)propanamide hydrochloride 
Prepared by the procedure described in Example 7. Step 
D. Intermediate from previous Step (9 mg, 0.015 mmol) and eihyl 
acetate (10 mL). Reaction time: 1 hour. Yield: 8 mg (97%). 

NMR(400 ^^H2, CDCI3): The product exists as a mixture of two 
conformers (2:1): 6 8.347-8.333 (m, 1 H), 8.043 (t, 1/2 H), 7.662- 
6.869 (m, 12 1/2 H). 5.355-5.315 (m. 1/2 H). 5.108-5.061 (m, 1/2 H), 
hidden 4.897-4.768 (m, 1/2 H). 4.174-4.103 (m, 1/2 H), 3.717-3.526 
(m. 1 H). 3.387-3.237 (m, 2 H). 3.179-3.067 (m. 1 H), 2.660 (q, 1/2 H), 
2.044-1.981 (m, 1 H), 1.655- 1.2 12 (m, 11 H), 0.964-0.820 (m, 2 1/2 
H). 0.575-0.423 (m, 1/2 H). -0.271- -0.448 (m. 1/2 H). 
FAB-MS calc. for C34H36N4O4 564; found 565 (Mh-H, 25%). 

EXAMPLE 11 

N-(l(R)-|(3,4-dihydro-4-oxospiro[2H-l-ben2opyran-2,4*-piperidine)- 
r-yl)carbonyl]-2-(indol-3-yl)eihyl]-2-amino-2-methylpropan amide 
hydrochloride 

Step A: N-[] (R)-[(3,4-dihydro-4-oxospirol2H-l-ben20pyran-2.4*- 
piperidin3-l '-yl)caTbonyl]-2-(indol-3-yl)ethyl)-2-I[(l ,1 - 
dime.thylethyloxv')carbonyl1aminoV2-methylpropanamide 
This intermediate was prepared from a(R)-[[2-[[(l,l- 
dimeihylethoxy)carbojiyl3amino]-2.2-dimethyl-l-oxoeihyI]amino]-lH- 
Lndole-3-propanoic acid (903 mg, 2.3 mmol) and £pirof2H-l- 
benznpyran-2.4'-piperidin]-4(3H)-one. hydrochloride (535 mg, 2.1 1 
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mmol) (Elliott, J. et al, J. Med, Chem. 1992, 35, 3973-3976) by the 
procedure described in Example 25, Step A (1.25 g, 100%). 
J H NMR (400 MHz, CDCI3): compound exists as a mixiure of 
confojmers (ratio 2:1): 5 8.42. 8.31 (2s, I H), 7.79. 7.75 (2 dd, 1.6 Hz, 

5 7.8 Hz, I H). 7.66, 7.56 (2d, 8.0 Hz, 7.6 Hz, 1 H), 7.47-6.78 (m, 8 H), 
5.37-5.15 (m, 1 H), 4.98, 4.94 (2 br. s, 1 H), 4.24, 4.18 (2 br. d, 1 H). 
3.40, 3.32 (2 br. d, 2 H), 3.23-3.02 (m, 3 H), 2.73 (dt, 3 Hz, 13 Hz, 1 
H), 2.47 (d, 2 Hz, 1/3 H), 2.17 (d, 16.6 Hz. 2/3 H). 2.08 (d, 16.7 Hz, 2/3 
H), 1.84 (br. s, 2 H), 1.70-1.60 (br. dd, 1 H), 1.3-1.2 (br. dd, 1 H). 0.56 

10 (dt. 4.6. 13.8 Hz, 2/3 H), -0.55 (dt, 4.6, 13.8 Hz, 2/3 H). FAB-MS: 
calc. for C33H40N4O6, 588; found 595 (M-»-Li, 100%). 

SiepB: N-(l (R)-[(3,4-dihydro-4-oxospjro[2H-l-benzop>Tan-2,4'- 
piperidin)-r-yl)carbonyl)-2-(indol-3-yl)ethyl]-2-amino-2- 

methvlpropanamide hydrochloride 

To a stirred solution of the intermediate prepared in Step A 
(1.0 g, 1.7 mmol) in methanol (5 mL) was added concentrated 
hydrochloric acid (5 mL). The leaciion mixture was stirred at room 
temperarure for one hour and 20 mL of toluene was added and the 
mixrure was evaporated in vacuo . This procedure was repeated twice to 
give the title compound (0.87 g, 98%). 
^H NMR (400 MHz, CD3OD): compound exists as a mixrure of 
conformers (ratio 2:1): 8 7.76-6.90 (m, 10 H), 5.11 (dd, 5,11 Hz, 1 H), 
4.16,4.1 1 (2 td, 2.0 Hz, 14 Hz, 1 H), 3.60, 3.33 (2 md, 14 Hz, 1 H), 
25 3.25-3.10 (m. 2 H), 2.92-2.67 (m 2 H), 2.30-2.17 (AB, centered at 
W.23, 16.7 Hz, 2 H), 2.85-2.80 (br. d, 1/3 H), 1.60, 1.59 (2s, 6 H), 
1.70-1.50 (m. hidden), 1.40-1.30 (md. 1 H), 0.47 (dt, 5.5. 13.5 Hz, 2/3 
H), -0.38 (dt, 5.5. 13.5 Hz, 2/3 Hz). FAB-MS: calc. for C28H32N4O4. 
488; found 489 (M-i-H, 100%). 

30 

EXAMPLE llA 

N-ll(R)-|(3,4.dihydro-4(RS)-hydroxyspiroI2H-l-benzopyran.2,4'- 
piperidin]- 1 '-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-amino-2-methyl- 
propanamide 
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To a stirred solurion of the title compound in Example 1 1 
(55 mg, 0.09 mmol) in methanol (5 mL) at O^'C was added sodium 
borohydride (16 mg, 0.4 mmol) in several ponions. After stirred at 
O^^C for 30 minutes the mixture was evaporated to dryness and dissolved 

^ in dichloromethane and purified by flash column eluring with 10% 

methanol in dichloromethane to give the title compound (35 mg, 78%). 
iH NNdR (400 MH2, CD3OD): compound exists as a mixnire of 2 
diasiereomers (1:1) and each isomer exists as two conformers (ratio 
2:1): 5 7.89-6.66 (m, 9 H), 5 14-5.06 (m, 1 H), 4.52-4.45 (2 dd, I H), 

^® 4.22.4.10 (2 md, ] H), 3.58^3.44 (2 md, 1 H), 3.25-3.14 (m, 2 H), 3.10- 
2.59 (4 dl, 1 H), 2.02 (dd, 6.2, 14.7 Hz, 1/3 H), 1.79.1.74 (dd, 1/3 H), 
1.60-1.40 (m. 3 H), 1.37, 1.31,1.28, J. 28, J. 26 (4 s, 6 H), 1.3-1.05 (m, 
hidden), 0.71, 0.49 (2 dt, 5.6,13.5 H2, 2/3 H). -0.20. -0.47 (2 dt, 4.6, 
13.5 Hz. 2/3 H). FAB-MS: calc. for C28H34N4O4, 490; found 491 
(M+H. 100%). 

EXAMPLE 12 

N-1 1 (R).[(3,4-dihydro-spiroI2H-] -benzopyran-2,4'-piperidin]-r- 
20 yl)carbonyl]-2-(indol-3-yl)ethyl]-2-amino-2-methylpropanam)de 
hvdrochloride 



Step A: 3>4-Dihvdrospirn[2H- 1 'benzopvran-2.4'-DiDeridinel 

To a stirred solution of the spiroI2H-l-benzopyran-2,4'- 

25 piperidin]-4(3H)-one, hydrochloride (53 mg, 0.21 mmol) in methanol 
(5 mL) at O^'C, was added sodium borohydride (38 mg, 1 mmol) in 
several ponions. After 30 minuies the mixture was evaporated and then 
treated with concentrated hydrochloric acid (2 mL) for 30 min. 
Evaporation gave a residue which was hydrogenated with palladium on 

3Q carbon (10%, 10 mg), H2 (1 aim) in ethanol for rv\'o hours. Fihration 

to remove -the* catalyst gave the crude inienmediaie (89 mg) which was 

used without further purification. 

iH NMR (400 MHz. CD3OD): 7.07 (appears as d, 5 Hz, 2 H), 6.84 
(appears as t. 7 Hz, 2 H), 7.07-7.08 (m, 4 H), 2.82 (t, 7 Hz, 2 H), 2.02 
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(br. d. 14.5 Hz, 2 H), 1.90-1.85 (m, 4 H). El-MS: calc. for C13H17NO, 
203: found 203 (M+, 45%) 

Siep B: N-(l (R)-[(3,4-dihydro-spi^oI2H-^benzopyran-2.4'- 
piperidin]-^-yI)carbonyl]-2-(indol-3-yl)elhyl]-2-[((l,^ 
dimelhvlethvloxv'>caTbonvllamino1-2-methy)propanamide 
This iniermediate was prepared from the product of Step A 
and a(R)-[l2-[|( J J -dimethy)ethoxy)carbonyJ]ainino]-2,2-diniethyl-] - 
oxoeihyl]aniino]-lH-indole-3-propanoic acid following standard peptide 
coupling methods. 
1h NMR (400 MHz, CDCI3): compound exists as a mixrure of 
conformers (ratio 2:1): 5 8.04, 8.02 (2s, 1 H), 7.70, 7.61 (2d, 8 Hz, I 
H), 7.49-6.66 (m, 1 H), 4.92 (br. s, 1 H). 4.30-4.20 (m. 1 H), 3.4-3.1 
(m, 4 H). 2.85-2.45 (m. 3 H), 1.68 (l. 7.6 Hz. 1 H). 1.49. 1.45, 1.44. 
^5 1.43, 1.41 (5 s. 12 H), 1.30-1.21 (m, 3 H), 1.1M.07 (dd, 2.5, 14 Hz. 
1/3 H), 0.68 (dt, 4.5 Hz, 13 Hz. 1/3 H), -0.33-0.43 (dl, 1/3 H). FAB- 
MS: calc. for C33H42N4O5. 574; found 575 (M-i-H. 35%). 

Siep C: N-lI(R)-I(3,4-dihydro-spiro[2H-l-ben2opyran-2.4'. 
20 piperidin]-! '-yl)carbonyl)-2-(indol-3-yI)eihyl]-2-amino-2- 

meihvlpropanamide hydrochloride 

Tht title compound was prepared from the intermediate in 

Step B according to the procedure described in Example 11, Step B. 

(90%). 

25 1 H NMR (400 MHz, CD3OD): compound exists as a mixture of 

conformers (ratio 2:1): 5 8.31,8.21 (2 d, 6.6 Hz, 2/3 H). 7.58, 7.52 (2 
d, 7.8 Hz, 1 H). 7.37 (d, 8.2 Hz. 1 H). 7.15-6.60 (m, 6 1/3 H), 5.17-5.13 
(m, 1 H), 4.14 (br. d, 13.2 Hz, 1 H), 3.35-3.10 (m 3 H), 2.90-2.45 (m. 3 
H), 1.70 (t, 6.9 Hz, 1 H), 1.60(s, 6 H), 1.60-1.40 (m, hidden), 1.40- 

30 1.20 (m, 2 H), 1.1 1 (br. d. 12.7 Hz, 2/3 H), 0.57 (dt, 4.3. 13 Hz, 2/3 H), 
-0.31 (dt, 4.3, 13, 2/3 H). FAB-MS: calc. for C28H34N4O3. 474; 
found 475 (M+H, 60%). 
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EX AMPLE 13 

N-( 1 (R)-[(3,4-dihydro-6-methanesulfonylaniiiio-4-oxo-spiro|2H-l - 
benzopyran-2,4'-piperidin]-r-yl)carbonyl]-2-(indo]-3-yl)ethyl]-2- 

S aTnino>2-methv]propanamide hydrochloride 

The title compound was prepared from a(R)-[[2-I((l,l- 
dinieihyleihoxy)carbonyl]amirio]-2,2-diineihy]-l-oxoethyl]ajnino3-lH- 
u)do)e-3 -propanoic acid and 3,4-dihydro-6-methanesulfonylainino-4- 
oxo-spiroj2H-l-benzopyran-2,4'-piperidine] following procedures 

10 described in Example 10, Steps A and B. 



N-( 1 (R)-((3,4-dihydro-6-meihanesulfonylamino-4-oxo-spiro(2H-I • 

benzopyran-2,4'-piperidin]-r-yl)carbonyl]-2-(indol-3-yl)ethyl]-2-(l(J,l- 

dimethylethyloxy)carbonyl]aiTiino]-2-methylpropanamide. 

15 

NMR (400 MHz, CDCI3): compound exists as a mixture of 
confoimers (ratio 2:1): 5 8.60, 8.36 (2 br. s, 1 H), 7.63-6.81 (m, 8 H), 
5.20 (br. s. 1 H). 5.10-5.02 (br. m. 1 H). 3.45-3.30 (br. m. 1 H). 3.25- 
3.10 (br. m, 2 H), 2.97, 2.95 (2s. 3 H), 2.75-2.56 (m, 1 H), 2.28 (v. br. 
20 s, 1 H). 2.18 (d. 16.6 Hz. 1 H), 2.05 (d, 16.6 Hz, 1 H), 1.86-1.45 (m. 
hidden), 1.51, 1.46, 1.44, 1.43, 1.42, 1.39 (6 s, 12 H), 1.30-1.20 (m, 2 
H). 0.55-0.45 (m, 2/3 H). -0.55-0.65 (m, 2/3 H). FAB-MS: calc. for 
C34H43N5O8S, 681 : found 688 (M+Li, 40%). 

25 N-ll(R)-((3,4-dihydro-6-methanesulfonylamino-4-oxo-spirol2H-l- 
benzopyran-2,4 -piperidin]- 1 '-yl)carbony I]-2-(indol-3-yl)ethyl]-2- 
. amino-2-meihylpropanamide hydrochloride. 

iH NK4R (400 MHz. CD3OD): compound exists as a mixnire of 
30 conformers (ratio 2:1): 6 7.63-6.92 (m, 8 H), 5.14-5.08 (m, 1 H), 4.1R- 
4.08 (2 md, 1 H), 3.62-3.51 (2 md, 1 H), 3.25-3.10. (m. 2 H). 2.9J. 2.89 
(2 s. 3 H). 2.78-2.67 (2 dd, 2 Hz, 15 Hz, 2 H), 2.27 (d, 16.7 H2. 1 H), 
2.19 (d, 16.6 Hz, 1 H), 1.86-1.80 (m, 1/3 H). 1.80-1.50 (m, hidden ), 
1 .60. 1 .59, 1 .4 8 (3s. 6 H), 1 .40- 1 .30 (m, 1 H), 0.47 (dt, 4.8 Hz. 1 3 Hz. 
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2/3 H). -0.39 (dt, 4.8 Hz, J 3 Hz, 2/3 H). FAB-MS: calc. for 
C29H35N5O6S, 581; found 582 (M-fH, 75%). 



N-1 1 (R)-[(3,4.djhydro-4(RS)-hydroxy-6-nieihanesulfonylamino- 
spiro(2H-] -ben2opyran-2,4'-piperidin]-r-yl)carbonyl]-2-(indol-3- 

yl')eihvl1-2-amino-2-meihvlpropanamide 

The title corapoimd was prepared from ihe title compound 
in Example 13 following the procedure described in Example 1 1 A. 
^H NMR (400 MHz, CD3OD): compound exists as a mixture of 2 
diasiereomers (1:1) and each isomer exists as two conformers: 5 7.62- 



7.50 (m, 1 H), 7.42-7.29 (m, 2 H), 7.17-6.98 (m, 4 H). 6.68 (d, 8.7 Hz, 
1 H), 5.15-5.05 (m. 1 H), 4.75-4.65 (m, 1/3 H), 4.57 (dd, 7 Hz, 9 Hz. 
J/3 H), 4.44 (dd. 6.5 Hz., 9.0 Hz, 1/3 H), 4.21-4.07 (m, 1 H), 3.56-3.44 
(m, 1 H), 3.28-3.12 (m, 3 H), 3.08-3.01 (m, 2/3 H), 2.89, 2.86 (2s, 3 
H). 12.82-2.55 (m. 1 H), 2.03 (dd, 6.0 Hz, 13.8 Hz, 1/2 H). 1.86 (dd, 
6.0, 13.7, 1/2 H), 1.70-1.35 (m, 3 H), 1.33, 1.32. 1.31. 1.28, 1.24 (5s, 6 
H). 1.33-1.29 (m, hidden), 1.06 (br. d. 13 Hz, 1/3 H), 0.71 (dt, 4.6 Hz. 
13 Hz, 1/3 H), 0.49 (dt, 4.6 Hz, 1 3 Hz, 1/3 H), -0.21 (dt, 4.6 Hz, 13 Hz. 
1/3 H), -0.49 (dt, 4.6 Hz, 13 Hz, 1/3 H). FAB-MS: calc. for . 
C29H37N5O6S, 583; found 584 (M+H. 20%). 



N-ll(R)-l(2-acetyl-l,2,3,4-ietrahydrospiroIisoquinolin-4,4'-piperidin]- 
r-yl)carbonyl]-2-(indol-3-yl)ethyl)-2-amino-2-methylpropanamide. 
hydrochloride 

Step A: 1 .3-dihydro-l,3-dihydroxyspirol4H-2-ben2ofuran-4,4'- 
piperidinel-l'-carboxvlic acid. 1 .1-dimethvleihvl ester 
To a siined soluiion of spiro[lH-indene-l ,4'-piperidine]- 
I'-carboxylic acid, 1.1-dimethylethyl ester (800 mg, 2.8 mmol) in 
methanol (50 mL) at -78*'C. was bubbled ozone until the solution turned 



EXAMPLE 14 
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blue. The mixture was lei siand at ihai lemperarure for 20 minuies, 
then purged with nitrogen. Dimethyl sulfide (3 mL) was added and the 
mixture was warmed to room lemperanire and stirred for two hours. 
Evaporarion of the solvent gave a crude product (940 mg) which was 
5 used without purification. 

Step B: 1 ,2,3,4-ietrahydrospirofisoquinolin-4,4'-piperidine)-l - 

carboy vlic acid. IJ-dimethvlethvl ester 

The iniermediaie of Step A (100 mg) was stirred in 
10 meiharjol (2 mL) saturated w'ixh ammonia for one day, and evaporated 
to remove ammonia. The residue was redissolved in methanol (3 mL) 
and sodium cyanoborohydride (50 mg, excess) was added. Tht mixture 
was stined overnight. Evaporation and purification gave the amine. 
1 H NMR (400 MHz, CD3OD): 5 7.35-6.96 (m, 4 H), 4.00 (s. 2 H), 
15 3.14 

(s, 2 H), 3.90 (br. s. 2 H), 2.05 (br. s, 2 H), 1.95 ft)r. t, 2 H), 0.69 (d, 2 
H)J.49(s.9H). 

Siep C: 2- Acetyl-] ,2,3,4Meirahydrospiio[isoquinolin-4,4'- 
20 piperidineVr-carboxvlic acid, LI -dimethvlethvl ester 

The iniermediaie (16 mg) from Step A was treated with 
pyridine (2 mL) and acetic anhydride (2 mL) for 2 hours and the 
reaction mixture was evaporated in vacuo to afford the desired 
compoimd (12 mg). 
25 1H NMR (400 ^4H2, CDCI3, compound exists as a mixmre of 3:1 

lotamers): 5 7.36-7.05 (m, 4 H), 4.72 (s, 2/4 H), 4.65 (s, 6/4 H), 4.10- 
4.00 (br. d, 12.8 Hz, 2 H), 3.85 (br. s, 3/4 H), 3.65 (s, 1/4 H). 3.1 1 (t. 
13.1 Hz, 3/4 H). 3.00 (t, 13.1 Hz, 1/4 H), 2.19 (s, 3/4 H), 2.18 (s, 9/4 H) 
2.00-1.80 (m, 2 H), 1/65-1.47 (m, 2H, hidden), 1.47 (s, 9/4 H). 1.45 (s, 
30 27/4 H). 

Step D: 2-Acetyl-l,2,3,4-ieirahydrospiro{isoquinolin-4,4*- 

piperidinel 

To a soluiion of iniennediaie from Step C (12 mg) in eihyl 

aceiaie (5 mL) ai 0°C, was bubbled HCl (cas) until it is saturated. After 
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30 minutes, ihe reaction mixture was evaporated in vacuo to afford the 
desired iniermediate. 

IH NMT? (400 MHz. CD3OD): 5 7.47-7J9 (m, 4 H), 4.79 (s, 2 H). 
3.96 (s, 2 H), 3.36 (br. d, 6.7 Hz, 2 H), 2.30-2.24 (m, 1 H). 2.21 (s, 3 
s H). 1 .76 (d, 1 3 Hz). FAB-MS: calc. for C] 5H20N20. 244; found 245 
(M+1, 100%) 

Siep E: N-1 1 (R)-[(2-Aceiyl-l ,2,3,4-ieirahydrospiro[isoquinolin- 
4,4'-piperidin]-r-yl)carbonyl]-2-(indol-3-yl)ethyl]-2- 
^ ^ Il(lJ-dimethyleihyloxy)carbonyJ]amino]-2-meLhyl- 

propanamide 

Title compouDd was prepared from the intermediate from 

Siep D according to the procedures described previously. 

EXAMPLE 16 

N-l 1 (R)-1 1 ,2-dihydro- 1 -meihylsulfonylspiro[3H-indole-3,4'-piperidin]- 
l'-yl)carbonyl]-2-(2',6'-difluorophenylmethyloxy)eihyl]-2-amino-2- 
meihylpropanamide hvdrochloride 

20 

Step A: methyl a(R)-[12-(I(l,l-dimethylethoxy)carbonyl]amino)- 
2,2-dimethyl.l-oxoethyl]amino]-3l(2',6'-difluorophenyl)- 

methoxvlpropanic acid 

Oil free sodium hydride (prepared from 60% oil dispersion 
25 of sodium hydride by washing with hexanes (3X), 1.2 g, 30.0 mmole), 
suspension in 30 mL N,N-dimeihylformamide was added N-i- 
butyloxycarbonyl-(D)-serinc (3.07 g, 15.0 mmole) in 10 mL N,N- 
dimeihylformamide at room temperature. W^en no more gas evolves 
2,6-diflorobenzyl bromide (2.68 g, 12.9 mmole) was added. After 18 
30 hours stirring at room temperature, iodomethane (1.0 mL, 16.0 mmole) 
was added to the reaction mixture. The mixture was stirred another 1 
hour, and then poured into water, and extracted with ethyl ether. The 
organic layer was washed sequentially with water (5X), brine and dried 
over sodium sulfate, filtered and concentrated. The residue was 
dissolved in 20 ml of chloroform and BOC-a-methylalanine, EDC, 
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HOBT, and Et3N were added at room lemperaiure. After 3 hours the 
reaciion mixture was poured into water and extracted with methylene 
chloride. The organic layer was dried over sodium sulfate and 
concentrated. The title compound was obtained after purification by 
* chiomaiography, (hexane/ethyl acetaie:3/l) to give 2.37 g (35%). 

1h NMR (300 MHz, €003 mixture of roiamers): 7.27 (m, 1 H), 7.02- 
6.88 (m. 2 H), 4.95 (m. 1 H). 4.72 (dt. 8. 3 Hz, 1 H), 4.58 (br. s, 2 H), 
3.90 (m, 1 H), 3.78 (s, 1 H), 3.69 (s. 3 H), ] .48 (s, 3 H), J. 45 (s, 3 H), 
1.41 (s. 9 H). 

10 

SiepB: N-l 1 (R)-Il ,2-dihydro-l -methy]sulfonylspiro[3H-indole- 
3,4'-piperidlnl-l'-yl)carbonyl]-2-(2',6'-difluorophenyI- 
meihyloxy)ethyl]-2-amino-2-methyIpropanamide 

hydrochloride 

A solution of the iniermediate obtained from this Example, 
Step A (2.37 g, 5.29 mmole) in 30 mL of methanol was added lithium 
hydroxide (340 mg, 8.1 mmole) in 3 mL of water. After 2 hours 
stirring at room lemperarure, the reaction mixture was concentrated, 
and then diluted with water, extracted with ethyl eiher. The organic 
layer was discarded. The aqueous layer was acidified with 1 N 
hydrochloric acid to pH=1.5 and extracted with ethyl eiher (3X). The 
organic layer was dried over sodium sulfate, filtered, and concentrated 
to give 2.18 g (95%) of acid. The ritle compound was prepared from 
acid (78 mg, 0.18 mmole), and l,2-dihydro-l-meihylsulfonylspiroI3H- 
indole-3,4'-piperidine hydrochloride (50 mg, 0.165 mmole) by the 
procedure described in Example 20, Step B (use hydrochloride in ethyl 
ether instead of trifluoroaceiic acid) to give 48 mg (44%). 

NMR (400 MHz, CD3OD mixmre of rotamers): 7.39 (m, 2 H), 7.22 
(m, 1 1/2 H), 7.03 (m, 3 1/2 H), 5.14 (dd, 13, 7 Hz, 1 H), 4.66 (d, 16 
3° Hz. 2 H), 4.49 (m, 1 H), 4.09 (m, 1 H), 3.92 (br. s. 2 H), 3.76 (m, 2 H). 
3.25 (m, I H), 2.97 (s, 3/2 H), 2.96 (s, 3/2 H), 2.87 (m, 1-H), 1.95 (m,.l 
H), 1.76 (m, 3 H), 1.61 (s, 3/2 H), 1.57 (s, 3 3/2 H), FAB-MS: 565 • 
(M+1). 
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EXAMPLE 17 

N-l ] (R)-((l ,2-dihydro- l-nieth>asulfonylspiroI3H-mdole.3,4^piperidin]. 
I'-yl)carbonyl)-3-cyclohexylpiopyl]-2-araino-2-methylpropanamide 
5 hydrochloride 

Step A: t'biitvloyvcarbonvl'fDVhexahvdrohomopbenvlalaiiine 

A soluiion of i-buiyloxycarbony)-(D)-homophenyJaIajiine 
(100 mg, 0.358 mmole) in 1 mL acetic acid was hydrogenaied over 
10 Pt02 ai one atmosphere for ]6 hours. The mixture was filtered 

through Cehte and the filtrate concentrated and a2eoiroped with toluene. 
Ih (400 MHz, CDCls): 5.03 (d, 8 Hz, 1 H), 4.22 (m, 1 H), 1.82 
(m, 1 H), 1.64 (m, 6 H), 1.41 (s. 9 H), 1.20 (m, 6 H). 0.84 (m, 2 H). 

^ ^ SiepB: benzyl a(R)-ll2-[I(l ,1 -dimeihyleihoxy)carbonyl]amino]- 

2.2>dimethv]-l -oxoethvnajninoM-cyclohexvlbuianoic acid 
A solution of BOC-D-homaphenylalanine in acetic acid was 
hygrogenaied over Pt02 at one atmosphere for 16 hours. The mixture 
was filtered through celite and concentrated. To this residue (44 mg) in 

20 15 mol DMF was added benzyl bromide (198 ml) and K2CO3 (970 mg) 
at room temperarure. After stirring overnight, the mixture was poured 
into 200 ml of ether and washed with water. The organic phase was 
dried over MgS04, filtered and concentrated. The residue was purified, 
by flash chromatography (silica gel, 7.5% ethyl acetate in hexanes) 10 

25 provide 534 mg (95%) of this intermediate. A solution of 534 mg of 
this material in 10 ml 1:1 TFA/CH2CI2 was stirred for 1 hour then 
stripped and azeotroped from toluene. The residue was dissolved in 10 
ml CH2CI2 and cooled 10 O^^C. BOC-a-methylalanine (362 mg), EDC. 
HOBT and NMM were added and stirred overnight. The solution was 

30 poured into 250 ml ethyl acetate and washed sequentially with IN 
NaHS04 (aq.), water and saturated aqueous NaHC03. The organic 
phase was dried, filtered and concentrated. Purified by flash 
chromatography (silica gel, ethyl acetate/hexanes) to provide 638 mg of 
the title compound. 
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NhfR (200 hlHz, CDCI3): .8-.95 (m. 3 H), 1.05-1.3 (m. 7 H), 1.4- 
1.9 (m. 19 H), 2.15 (m, 2 H), 4.59 (m, 1 H); 4.87 (m, I H). 5.18 (m, 2 
H). 6.96 (m, 1 H), 7.35 (m, 5 H). FAB-MS calculated for 
C26H40N2O5 460; found 461.5 (M+H). 

Step C: N-[1(R)-[(1 ,2-dihydro-] -methylsulfonylspiro[3H-indole- 
3,4'-piperidin]-r-yl)carbonyl]-3-cyclohexylpropyl]-2- 

amino-2-me!hv)pror>anamide hydrochloride 

A mixture of 638 mg of ihe iniermediaie obtained in Step B 
and ]00 mg of 10% Pd on carbon was stirred under a balloon 
containing H2 for 4 hours. The mixture was filtered through Celite and 
the filtrate was concentrated. A portion (87 mg) of this residue was 
dissolved in 2 ml CH2CI2 and 49.8 mg of l',2-dihydro-l -methyl- 
sulfonylspiro[3H-indole-3,4'-piperidine hydrochloride, EDC and HOST 
were added and stirred for 1 6 hours. The solution was poured into 200 
ml ethyl acetate and washed sequenrially with IN NaHS04 (aq.), water 
and saruraied aqueous NaHCOs. The organic phase was dried, filtered 
and concentrated. Purified by flash chromatography (silica gel, 60% 
eihyl aceiate/hexanes) to provide 55 mg (47%) of this intermediate. All 
of this maierial was dissolved in 2 ml 1:1 TFA/CH2CI2 and stirred for 
1/2 hour. The solution was stripped and the residue was purified by 
flash chromatography (silica gel, methanol, NH40H(aq.), CH2CI2). 
The compound was then dissolved in CH2CI2, treated with HCl in ether 
and concentrated to provide the ritle compound. 



" iH m^K (400 MHz, CD3OD): .93 (m, 2 H). 1.15-1.3 (m. 6 H), 1.55- 
1.8 (m, 1 H), 2.06 (dt, 15, 4 Hz, 1 H), 2.88 (m, 1 H), 2.97 (m, 1 H), 
3.35 (m. 2 H), 3.8-4.1 (m, 3 H), 4.51 (m. IH), 4.83 (m. IH), 7.06 (q. 
7 Hz, IH). 7.22 (m, 2H), 7.37 (d, 8 Hz, IH). 
FAB-MS calculated for C27H42N4O4S 518; found 519.7 (M+H) 



30 



EXAMPLE 18 f METHOD 1^ 



f 
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N-( I (RM(] ,2-Dihydro- 1 -meihanesulfonylspiro(3H-ijidole.3,4'- 

piperdm]-r-yl)caibonyl]-2-(phenylm.eihyloxy)eihyl)-2-arnino-2- 
methvlpropanamide hydrochloride 

Step A: ] ,2-Dihydro- 1 -meihaDesulfonylspiro[3H-indole-3,4'- 

piperdinelhvdrochloride 

To a solution of 1.20 g (S.gmmol) of 1 '-methyl- 1,2- 
dihydro-spiroI3H-indole-3,4*-piperdine] (prepared as described in H. 
Ong eLai J. Med, Chem. 1983, 23, 981-986) in 20 mL of dry 
dichloromethane at was added triethylamine (0.90 mL; 6.4 mmol) 
and meihanesulfonyl chloride (0.49 mL; 6.35 mmol) and srinred for 30 
min. Tht reaction mixture was poured into 15 mL of saturated aqueous 
sodium bicarbonate solution and extracted wnih dichloromethane (2X10 
mL). The combined organics were washed with brine (20 mL), dried 
over anhydrous potassium carbonate, filtered and the solvent removed 
under reduced pressure to yield 1.44 g of the meihanesulf on amide 
derivative as pale yellow oil which was used without purification. 

To a solution of above crude product in 20 mL of dry 1,2- 
dichloroethane at 0°C was added 1.0 mL (9.30 mmol) of 1-chloroethyl 
chloroformaie, and then stirred at RT for 30 min and finally at reflux 
for Ih. The reacrion mixture was concentrated to approximately one 
ihiid of the volume and then diluted with 20 mL of dry methanol and 
refluxed for 1 .5h. The reaction was cooled to RT and concentrated to 
approximately one half of the volume. The precipitate was filtered and 
washed with a small volume of cold methanol. This yielded 1 .0 g of the 
piperidine HCl sail as a white solid. The filtrate was concentrated and a 
small volume of methanol was added followed by ether. The 
precipitated material was once again filtered, washed with cold 
methanol, and dried. This gave an additional 0.49 g of the desired 
product- Total yield 1.49 g (70%). 

IH NMR(CDCr3- 200MHz) 5 7.43-7.20 (m. 3H), 7.10 (dd. IH). 3.98 
(bs, 2H), 3.55-3.40 (bd. 2H), 3.35-3.10 (m, 2H), 2.99 (s, 3H). 2.15 (t, 
2H),2.00(l.2H). 
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SiepB: N-1 1 (RM(J ,2-Dihydro- 1 -nieihanesulfonylspiro[3H-ijidole- 
3,4'-piperdin]-l'-yl)carbonyl]'2-(phenylrnethyloxy)eihyl]- 
2-1(1 J -dimeihyleihoxy)carbonyI]amij)0-2-nieihyl- 

propanamide 

5 To 0.35g (1.15 mmol) of (2R>2-I(lJ-dinieihylethoxy)- 

carbonyl]amino-3-I2-(phenylmeihyloxy)eihyl]-] -propanoic acid in 13 
mL of dichloromeihane was added 1 ,2-dihydro•l-melhanesulfonylspiro• 
[3H-indole-3,4•-piperdine] hydrochloride (0.325 g; J. 07 mmol), 0.18 
mL (1.63 mmol) of N*meihylmorpholine, 0.159 g (1.18 mmol) of 1- 
hydroxYbenzma20Ie(HOBT) and siined for 15 min. EDC (0.31 g; 1.62 
mol) was added and siirring was continued for Ih. An additional 60 ^L 
of N-meihylmoipholine was added and stirred for 45 min. The reaction 
mixture was poured into 5 mL of water and the organic layer was 
separated. The organic layer was washed with 5 mL of 0,5N aqueous 
hydrochloric acid and 5 mL of saturated aqueous sodium bicarbonate 
solution. Tht combined organics were dried over anhydrous 
magnesium sulfate, and concentrated to yield 0.627 g of the product as a 
yellow foam which was used without purification. 

To a 0.627 g (1.07 mmol) of the above product in 5 mL of 
dichloromethane was added 1.0 mL of irifluoioacetic acid and stirred at 
RT for 75 min. An additional LOO mL of trifluoroaceiic acid was 
added and stirred for 10 min. The reaction mixture was concentrated, 
diluted with 5.0 mL of dichloromethane and carefully basified by 
pouring into 10 mL of 10% aqueous sodium carbonate solution. The 
organic layer was separated and the aqueous layer was further extracted 
with 2X15 mL of dichloromethane. TTie combined organics were 
washed with 5 mL of water, dried over potassium carbonate, filtered 
and concentrated to give the 0.486 g of the amine as a light yellow foam 
which was used without purification. 
30 To 0.486 g (1.01 mmol) of the amine and 10 mL of 

dichloromethane was added 0.26g (1.28 mmol) of 2-[(l ,1 -dimethyl- 
eihoxy)carbony]]amino-2-meihyl-propanoic acid, 0.173 g (1.28 mmol) 
of l^hydroxybenztriazole (HOBT) and EDC (0.245 g; 1.28 mol) and 
siirried at RT overnight. The reaction mixture was poured into 5.0 mL 
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of waier and the organic layer was separaied. The aqueous layer was 
back exiracied with 5 mL of dichloromeihane. The combined organics 
were washed wiih 5.0 mL of 0.5N aqueous hydrochJoric acid, 5 mL of 
sarurated aqueous sodium bicarbonate solution dried over anhydrous 
magnesium sulfate, and concentrated to yield 0.751 g of the crude 
product as a yellow foam. A solurion of this crude product in 
dichloromethane was chromaiographed on 25 g of silica gel and eluted 
first with hexanes/acetone/dichloromethane (70/25/5) and then with 
hexanes/acetone/dichloromeihane (65/30/5). This gave 0.63 g of the 
title compound as a white solid. 
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1H NMR(CDCl3, 400N4H2) Compound exists as a 3:2 mixnire of 
roiamers 5 7.40-7.10 (m, 6H). 7.06 (d. J/3H), 7.02 (t. 1/3H). 6.90 (t. 
1/3H). 6.55 (d, 1/3H), 5.15 (m, IH), 4.95 (bs, IH). 4.63 (bd, J/3H). 
4.57-4.40 (m, 2 2/3 H), 4.10 (bd, 1/3H), 4.00 (bd, 1/3H), 3.82 (t. IH), 
3.78-3.62 (m, 2H), 3.60-3.50 (m, ]H). 3.04 (q. IH). 2.87 (s. IH). 2.86 
(s. 2H), 2.80-2.60 (m, IH). J.90 (bs, IH), 2.85-2.75 (m. JH). 1.82.J.60 
(m, 3H). 1.55-1 .45 (m. IH). J.45 (s. 4H), 1.42 (s. 2H). 1.39 (s, 9H). 

Siep C: N-l 1 (R)-I(] ,2-Dihydro-l -meihajiesulfcnylspiro(3H-indole- 
3,4'-piperidin]- 1 *-yI)carbonyl]-2-(phenYlmeihyloxy)ethyl]- 

2-arnino-2-meihvlpropananr)ide hydrochloride 

To 0.637 g (O.)Ol rrunol) of the intermediate from Step B 
in 5 mL of dichloromethane was added 2.5 mL of trifluoroaceiic acid 
and stirred at RT for 30 min. The reaction mixture was concentrated to 
an oil, taken up in 10 mL of ethyl acetate and washed with 8 mL of 10% 
aqueous sodium carbonate solution. TTie aqueous layer was further 
extracted with 5 mL of ethyl acetate. The combined organics were 
washed with 10 mL of water, dried over magnesium sulfate, filtered 
and concentrated to give the 0.512 g of the free base as a white foam. 

0 

To 0.512 g of the free base in 5 mL of ethyl acetate at O^C 
was added 0.2 mL of saturated hydrochloric acid in ethyl acetate and 
stirred for 1.5 h. The white precipitate was filtered under nitrogen, 
washed with ether, and dried to give 0.50 g of the title compound as a 
white solid 

^ 1 H NMR (400N^H2, CD3OD) Compound exists as 3:2 mixture of 
roiamers. 5 7.40-7.28 (m, 4H), 7.25-7.17 (m, 2H), 7.08 (t, 1/3H). 7.00 
(t. 1/3H). 6.80 (d. 1/3H), 5.16 (ddd, IH), 4.60-4.42 (m, 3H), 4.05 (I, 
IH). 3.90 (bs, 2H), 3.83-3.70 (m, 2H), 3.30-3.15 (m, IHO. 2.97 (s, IH), 
2.95 (s, 2H), 2.90-2.78 (m, IH), 1.96 (i. 1/3H), 1.85-1.65 (m, 4H), 1.63 

^ (s,2H). 1.60 (s,4H). 
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EX AMPLE 19 (METHOD 2^ 

N-( l(R)-|(1.2-Dihydro-l-melhanesulfonylspi^o(3H-indole-3,4'- 
piperdin]- 1 '-yl) carbonyl]-2-(phenYlinethyloxy)ethyl]-2-ajnino-2- 
5 meihvlpropanamide hydrochloride 

Siep A: ( 2R)-( I r-2-( 1,1 -dimethyl eihoxy)carbony])amijio] -2,2- 

dimeihyl- J -oxoeihyI]amino-2-(phenylmeihoxy)ethyl]-l - 

propanoic acid allvl ester 

10 Prepared from (2R)-2-[(lJ -dimeihy]eihoxy)carbonyl]. 

amino-3-(phenylmethyloxy)eihyl-piopanoic acid and ally] alcohol by 

carrying out the coupling reaction in CH2CI2 in the presence of EDC 

and DMAP. 

JH NMR (400MHz, CDCls) 6 7.25 (s, 5H), 5.8 (m. IH). 5.2 (dd, 2H), 
15 5.0 (bs, IH). 4.7 (m, IH), 4.6 (m, 2H), 4.4 (dd, 2H). 3.9 (dd, IH), 3.6 
(dd, IH), 1.45 (d, 6H). 1.39 (s, 9H). 

SiepB: (2R)-|[[-2-(l,l-dimeihy]ethoxy)carbony]]amino]-2,2- 

dimeihyl- ] -oxoeihyl]ainino-2-(phenylmeihyloxy)eihyl)-l - 

20 propanoic acid 

To a siined solution of the crude intermediate obtained in 
Step A (6.7 g, 15.9 mmol), tetrakis (triphenylphosphine)-palladium (1.8 
g, 0.1 eq) and, triphenyl phosphine (1.25 g, 0.3 eq) was added a soluiion 
of poiassiuni-2-eihyl hexanoaie (35 mL, 0.5M .solution in EtOAc). The 

25 reaction mixrure was stirred ai room temperature under nitrogen 
atmosphere for Ih and then diluted with ether (100 mL) and poured 
into ice-water. The organic layer was seperated and the aqueous 
fraction was acidified with citric acid (20%), then extracted with 
EiOAc. The EtOAc extracts were washed with brine, dried over 

30 magnesium sulfate, filtered and evaporated 10 give the title compound as 
a solid. 

IH NMR (400Hz. CD3OD) 8 7.3 (s, 5H), 4.7 (m, 1H),4.5 (s, 2H), 4.0 
(m. IH), 3.6 (m. IH), 1.4 (d, 6H), 1.3 (s, 9H). 
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Step C: N.(](R).((l,2-Dihydro-J-methanesulfonylspiro(3H-indole- 
3,4'-pipprdin)-]-yI)carbonyl]-2-(phenylmethyJoxy)eihyl)- 
2-1(1 ,1 -dimethyl-ethoxy)carbonyI]amino-2-meihyl- 

propanamide 

To a solution of 1.0 g (3.44 mmol) of 1-meihanesulfonyl- 
spiro[jndoline-3,4'-pjperidiBe] hydrochloride, 1.44 g (3.78 mmol) of 
(2R)-((-2-(l,l-dimeihyletho5cy)carbonyl)amino]-2.2-dimeihyl-l- 
oxceihyl]-ajnino-2-(phenylmeihy)oxy)ethyl)-l -propanoic add, N-meihyl 
morpholine (0.58 mL; 5.20 mmol), and 1 -hydroxybenziriazole (HOBT) 
(0.58 g; 3.78 mmol), in 50 mL of dichloromeihane was added EDC 
(1.03 g; 5.20 mmol) and srinred at RT for 16h. The reaction mixnjre 
was diluted with an additional 50 mL of dichloromeihane and washed 
with aqueous sodium bicarbonate solution (50 mL), dried over 
anhydrous magnesium sulfate, filtered, and concentrated. Flash 
chromatography (50 g silica gel) of the crude oily residue gave 2.148 g 
(90%) of the desired material as a colorless foam. 
' H NMR (CDCI3, 400MHz) Compound exists as a 3:2 mixmre of 
rotamers 5 7.40-7.10 (m, 6H), 7.06 (d, 1/3H), 7.02 (t. 1/3H), 6.90 (t. 
1/3H), 6.55 (d. 1/3H). 5.15 (m, IH). 4.95 (bs, IH), 4.63 (bd, 1/3H), 
4.57-4.40 (m, 2 2/3 H), 4.10 (bd, 1/3H). 4.00 (bd, 1/3H). 3.82 (t, IH), 
3.78-3.62 (m, 2H). 3.60-3.50 (m. IH), 3.04 (q, IH), 2.87 (s, IH), 2.86 
(s, 2H), 2.80-2.60 (m. IH). 1.90 (bs, IH), 2.85-2.75 (m, IH), 1.82-1.60 
(m, 3H). 1.55-1.45 (m, IH). 1.45 (s, 4H), 1.42 (s, 2H). 1.39 (s. 9H). 
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Step D: N-( 1 (R)-[(l ,2-Dihydro-l -meihanesulfonylspiroI3H-indole- 
3,4'-piperdin)-r-yl)carbonyl)-2-(phenylmeihyloxy)ethyl]- 

2-amino-2-methylpropanamide hydrochloride 

To a solution of 2.148 g (3.41 mmol) of the intermediaie 
from Siep C in 10 mL of dichloromeihane was added 5 mL of 
trifluoroaceiic acid and stirred for Ih. The reaction mixrure was 
concentrated and basified with 100 niL of 5% aqueous sodium carbonate 
solution and extracted with dichloromeihane (3X50 mL). The 
combined organics were washed with brine (50 mL), dried over 
anhydrous potassium carbonate, filtered, and concentrated to yield a 
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colorless foam. To a soluiion of ihe foam in 25 mL of eihyl aceiate at 
0**C was added 4 mL of 1 M solution of hydrochloric acid in ethyl 
aceiate. The precipitate was filtered and washed first wth ethyl acetate 
and then with ethyl aceiaie-eiher (1:1), dried to yield K79 g (93%) of 
^ ihe title compound as a colorless solid. 

IH NMR(400MH2, CD3OD) Compound exists as 3:2 mixmre of 
roiamers. 5 7.40-7.28 (m, 4H), 7.25-7.17 (m, 2H), 7.08 (t, 1/3H), 7.00 
(t, 1/3H), 6.80 (d, 1/3HX 5.16 (ddd, IH), 4.60^4.42 (m, 3H), 4.05 (t, 
lH)/3.90 (bs, 2H), 3.83-3.70 (m, 2H). 3.30-3.15 (m, IHO, 2.97 (s, IH), 
2.95 (s, 2H), 2.90-2.78 (m. IH), 1.96 (1. 1/3H). 1.85-1.65 (m, 4H), 1.63 
(s, 2H), 1.60 (s,4H). 

EXAMPLE 20 

15 N-Il(R)-{(I,2-Dihydro-KTDeihanesu]fonyl-5-bromo-spiro[3H-indole- 
3,4'-piperdin]-r-yl)carbonyl]-2-(phenyLmeihyloxy)eihyl]-2-amino-2- 
meihvlpropanamide irifluoroacetatc 

Step A: N-[ 1 (R)-l(l ,2-Dihydro-l -meihanesulfonyl-5-bromo- 
2^ spiro(3H-indole-3,4*-piperdin]-r-yl)carbonyl]-2- 

(phenylmethyl-oxy)-eLhy I]-2-l( 1 , 1 -dimeihylethoxy)- 

carbonvnamino-2-methvlpropanamide 

To a solution 300 mg (1.03 mmol) of 1-methanesulfonyl- 
spiro-[3H-indole-3,4*-piperidine] hydrochloride in 5 mL of glacial 
25 acetic acid was added 0.28 g (2.06 mmol) of bromine and stirred at RT 
for Ih. The reaction mixture was conceniraied to dr\nness, basified with 

10 mL of 5% aqueous sodium carbonate solution* and extracted with 
dichloromethane (3X10 mL). The combined organics were washed 
with brine (10 mL). dried over anhydrous potassium carbonate, 

30 fihered, and concentrated to yield 0,25 g of a crude product as a yellow 

011 which was used without purification. 



StepB: 

To a solution of the above crude product in 10 mL of 
dichloromethane was added 0,43 g (1.13 mmol) of the inienmediate 
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from Example 19 Step B, 0.17 g (1.13 mmol) of HOBT. and 0.34 g 
(1.70 mmol) of EDC and siirred at RT for 16h. The reacrion mixture 
was diluted with 15 mJL of eiher and washed with 10% aqueous citric 
acid (15 mL), saturated sodium bicarbonate solution (15 mL), dried 
^ over anhydrous magnesium sulfate, fihered and concentrated to give a 
crude oily product. This residue was purified was flash 
chromatography (15 g Si02; CH2Cl2-Aceione(10:l) as eluent) to yield 
0.184 g (26% for 2 sieps) of the coupled material as colorless foam. 

To 0.1 84 g (0.26 mmol) of the above material in 2 mL of 
dichloromeihane was added 2 mL of irifluoroaceiic acid and srined at 
RT for Ih. Tht reaction mixture was evaporated to dr>'ness to yield 
0.146 g (93%) of the title compound as a white solid. 
FAB-MS: calculated for C27H34BrN405S 608; found 609.5 

" EXAN^LE 21 

N-1 1 (R)-l(l ,2-Dihydro-spiro[3H-indole-3,4'-piperdin]- 1 ••yl)carbonyl]- 
2>(indol-?-vnethvn>2-amino-2-me!hvlpropanamide dihvdrochloride 

2C Step A: Spirol 3H-indole>3.4'-piperidine1 

To a solution of 1 .0 g (5.0 mmol) of 1 '-methyl-spiro[3H- 
indole-3,4'-piperidineJ (prepared as described in H. Ong et al J. Med. 
Chem. 1983, 23, 981-9R6) and 1.0 g of powdered potassium carbonate 
in 30 mL of dry dichloromeihane at RT was added to 0.50 g of 

25 cyanogen bromide and stirred for Ih. The reaction mixture was 

filtered through a pad of ceHte and washed with chlorofomi-methanol 
(95:5). The filtrate was concentrated and the residue was flushed 
through a pad of silica gel with chloroform-meihanol (95:5) as eluent. 
This gave --1.2 g of a yellow oil which was used without purification. 

30 To a suspension of above compound in 30 mL of dry DME 

at 0°C was added 0.30 g of h'thium aluminum hydride and warmed to 
RT and finally refluxed for Ih. The reaction mixture was cooled to 0°C 
and quenched with 0.30 mL of water, 0.30 mL of 15% aqueous of 
sodium hydroxide solution, and 0.90 mL of water. The solids were 
filtered off through a pad of celite and washed well wiih chloroform- 
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methanol (]0:J). Conceniraiion of ihe filiraie gave 0.74 g of the 
compoujid as a yellow foam. This material was a 1 :1 mixture of the . 
riile compound and l*-meihyl-spiro[3H-indole-3,4'-piperidine] . 

Step B: (2R)-I[-2-I[l,NdimeihYlethoxy)carbony]]amino]-2,2- 

dimeihy]-]-oxoethyl]amino]-lH-indole-3-propanoic acid 
benzyl ester 

To 5.0 g (16.5 mmol) of the commercially available N-t- 
BOC-D-ir}^iophan in 100 mJL of chloroform was added 1.80 mL (16.5 
mmol) of benzyl alcohol, 0.20 g (1.65 mmol) of 4-N,N-dimethylamino 
pyridine (DMAP), and 3.20 g of EDC and stirred for 16h. The 
reaction mixture was poured into 100 mL of water and the organic 
layer was seperated. The aqueous was further extracted with 2X100 
mL of chloroform. The combined organics were washed with 50 mL 
of 10% aqueous citric acid. 100 mL of 10% aqueous sodium 
bicarbonate soluiion, dried over anhydrous magnesium sulfate, fihered 
and concentrated to give a thick oil. 

To a solution of this oil in 10 mL of dichlororaethane was 
added 20 mL of trifluoroacetic acid and siirred for Ih. The reaction 
mixture was conceniraied, basified carefully with saturated aqueous 
sodium bicarbonate solution, and extracted with chloroform (2X100 
mL). The combined organics were washed with brine (100 mL), dried 
over potassium carbonate, filtered, and concentrated to give 5.46 g of 
the amine as a brown oil which was used without purification. 

To 5.46 g of the above product in 100 mL of chlorofoim 
was added 3.40 g (22.2 mmol) of HOBT, 4.60 g (22.2 mmol) of N- 
BOC-a-meihyl alanine, and 5.32 g (28.0 mmol) of EDC and stirred for 
16h. The reaction mixture was poured into 100 mL of water and the 
organic layer was seperated. The aqueous was further extracted with 
2X100 mL of chloroform. Tlie combined organics were washed with 
50 mL of 10% aqueous citric acid, 100 mL of 10% aqueous sodium 
bicarbonate solution, dried over anhydrous magnesium sulfate, fihered 
and concentrated to give 6.94 g of the product as a thick oil. Flash 
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chromaiography (200 g Si02; hexane-eihyl acetate as eluent) gave 4.75 
g of the desired material as a colorless foam. 
JH NMR (CDCI3. 200MHz) 8 8.48 (bs, JH). 7.54 (bd. IH), 7.38.7.23 
(m. 3H). 7.19 (bd. 2H). 7.15-7.00 (m, IH). 6.90 (d. IH), 6,86 (d. IH). 
^ 5.06 (bs, 2H). 4.95 (ddd. IH), 3.30 (2dd, 2H), 1.40 (5, 15H) 

S'ep C; (2R)-[[-2-II 1 .1 -diineihy]ethoxy)caxbonyl3aminoJ.2,2. 

dimethvl- 1 -ox oeihvnaminol- ] H-ijidole-3-propanoic acid 
To a solution of 4.75 g of the material from Step B in 100 
^ ° mL of ethanol was added 1 .0 g of J 0% Pd/C and stirred at RT under a 

H2 balloon for 1 8h. The catalyst was filtered off through a pad of celite 

and washed with ethyl acetate. The filtrate was concentrated to give 

2.96 g of the acid as a colorless foam. 

1 H NMR (CDCI3. 200Nfflz) 5 8.60 (bs, ]H), 7.55 (d, IH), 7.26-6.90 
(m. 3H). 6.88 (bd, IH), 4.80 (m. IH), 3.32 (2dd, 2H), 1.37 (s, 3H), 1.35 
(s, 12H) 

S'ep D; N-l l(R)-l(l,2-D^hydro-spiro|3H-indole-3,4'-piperdin]-^- 
2JJ yJ)carbonyl].2-(indoI-3-yl)eihyl>2.I(l .1 -dimethylethoxy). 

carbonvn amino-2-Tr)ethvlproDanamide 

To a solution of 0.122 g (0.542 mmol) of a 1:1 mixture of 
the intermediate from step A and r-methyl-spiro(3H-indole-3,4'. 
piperidine] in 5 mL of dry chloroform at RT was added 0.105 g (0.271 
mmol) of the iniermediaie from Step C, 41 mg (0.271 mmol) of HOBT, 
and 80 mg (0.41 mmol) of EDC and siirred at RT for 2h. The reaction 
mixture was diluted whh 10 mL of chloroform was washed wiih 
saturated aqueous sodium bicarbonate solution (10 mL) and 10 mL of 
brine, dried over anhydrous potassium carbonate, filtered and 
concentrated. Flash chromatography (10 g Si02; 2% MeOH-CHCl3) of 
^° the residue gave 94 mg of the desired product as a yellow foam. 

The comp6und"exists as 3:2 mixmrrofToiameiiT IH NMR 
(CDC13. 400 MHz) 5 8.37 (d. 1/3H). 8.35 (d, 2/3H), 8.19 (d, IH), 7.72 
(d. 2/3H), 7.60 (d, 1/3H). 7.38 (d. 2/3H). 7,32 (d, 1/3H). 7.22-7,08 (m. 
3H). 7.00 (2t, IH). 6.93 (d. 1/3H). 6.69 (t. IH). 6.60 (d, 1/3H). 6.56 (d. 
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2/3H), 6.50 (d, 2/3H), 5.30-5.15 (m, IH), 5.00 (bs. IH), 4.34 (m. IH), 
3.62.3.50 (m. IH). 3.30-3.1 1 (m, 4H). 2.90 (dt, IH). 2.40 (di. 1/3H), 
1.70-1.55 (m. 12/3H). 1.34 (s. 2H), 1.31 (s, 4H), 1.28 (s, IH), 1.31 (s. 
9H). 1.20-l.n (m, 1H).0.32 (dt. 1/3H) 

Step E: N-( I (R)-{( 1 ,2-Dihydro-spiro[3H-indoIe-3.4'-piperdin]. 1 
yl)cajbonyl]-2-(ij)doI-3-yl)ethyl3-2-amino-2- 
methvlpropanamide dihvdrochloride 



10 



15 



20 



To 27.5 rag of the iniermediate from Step D was added 1.0 
mL of methanol and 1.0 mL of concentrated hydrochloric acid and 
stirred at RT for Ih. The reaction mixture was concentrated, basified 
with 5 mL of 10% aqueous sodium carbonate solution, and extracted 
with chlorofcmi (3X5 mL). The combined organics were washed with 
brine (10 mL). dried over potassium carbonate, filtered, and 
concentrated to yield a thick oil. Preparative TLC (0.50 mm plate; 
chloroform-methanol 96:5h-1% NH4OH) gave 12 mg of the desired 
product as a yellow solid. 

The compound exists as 3:2 mixture of rotamers. IH NMR (CDCI3, 400 
MHz) 5 f;.37 (d. 1/3H), 8.35 (d, 2/3H), 8.19 (d, IH). 7.72 (d. 2/3H), 
7.60 (d. 1/3H), 7.38 (d. 2/3H), 7.32 (d. 1/3H). 7.22-7.08 (m, 3H). 7.00 
(2t. IH). 6.93 (d, 1/3H). 6.69 (t, IH), 6.60 (d. 1/3H), 6.56 (d, 2/3H). 
6.50 (d, 2/3H), 5.30-5.15 (m. IH), 4.34 (m, IH), 3.62-3.50 (m, IH), 
3.30-3.11 (m, 4H), -2.90 (dt. IH), 2.40 (dt, 1/3H). 1.70-1.55 (m, 12/3H), 
1.34 {s,2H). 1.31 (s,4H), 1.28 (s. IH), 1.20-1.11 (m. lH).0.32(di. 
1/3H). 

EXAMPLE 22 

N-|l(K)-|(I.2-Dihydro-l-methylcaTbonyispiro(3H-indole-3,4'.piperdin]- 
30 r-yDcarbonyl]-2-(indol-3-yl)eihyl]-2-amino-2-methylpropanamide 
hydrochloride 

To 26 mg of the intermediate from Example 21, Step D in 
1.0 mL of 1,2-dichloroethane and 55 pL (0.14 mmol) of N-methyl- 
morpholine ai 0°C was added 6.6 \iL (0.93 mmol) of acetyl chloride and 
stined for Jh. The reaction mixture was diluted with 5 mL of ether. 



25 
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washed with 5 mL of 10% aqueous citric acid, 5 mL of saruraied 
sodium bicarbonate solution, dried over anhydrous magnesium sulfate, 
filtered, and concentrated lo give a pale yellow foam which was used 
without purification. 

^ To the above material in 1 .0 mL of dichloromeihane was 

added 1,0 mL of trifluoroaceric acid and stirred at RT for Ih. The 
reaciion mixture was concenirated, basified with 5 mL of 10% aqueous 
sodium carbonate solurion, and extracted with chloroform (3X5 mL). 
The combined organics were washed with brine (10 mL), dried over 
potassium carbonate, filiered, and concemraied to yield a thick oil. To 
a solution of this material in 1 .0 mL of methanol was added 1 .0 mL of 
AM hydrochloric acid in dioxane and concentrated to dryness to yield 16 
mg of the title compound as a pale yellow solid. 
The compound exists as a 3:2 mixnire of rotamers. IH NMR (CD3OD, 
400MHz) 5 8.43 (d, IH), 8.35 (i. IH), 7.72 (d, 2/3H). 7.61 (d. 1/3H). 
7.40-7.25 (m, 2H), 7.20-7.08 (m, 3H), 7.05-6.95 (m, 22/3H), 6.50 (d, 
1/3H), 5.25.5,10 (m, IH), 5.00-4.84 (2bd. IH), 3.68-3.45 (m, 3H), 3,20 
(m. 2H), 2.60-2.48 (m. 1 1/3H), 2.30 (di, J/3H), 2.00 (s, IH). 1.98 (s, 
2H), 1.81-1.40 (m.4H), 1.35 (s, 2H), 1.33 (s, 2H), 1.32 (s. IH), 1.30 (.s, 

20 IH), 1.25-1.15 (m, IH), l.JO-l,00(m, lH),0.20(dt, 1/3H) 

g^AMPLE 23 

N-[ 1 (R)-[(L2-Dihydro-l -beiuenesulfonylspiro[3H-indole-3,4'- 
25 piperdin]-r-yl)carbonyl]-2-(indol-3-y])eihyl]-2-amino-2- 

meihvlpropanamide ; 

To 26 mg (0.050 mmol) of the intermediate from Example 
21 , Step D in 1 .0 ml of 1 ,2-dichloroethane and 5 \i\ of N-meihyl^ 
morpholine was added at O^C 7.5 pL of benzenesulfonyl chloride and 
30 stirred for Ih. Tht reaction mixture was diluted with 10 ml of ether 
washed with 5 ml of T0"% aqueoiis citric acid, 5 ml bf isahiraied sodium 
bicarbonate .*;oluiion, dried over anhydrous magnesium sulfate, filtered, 
and concentrated 10 give 29,8 mg of a crude product as a pale yellow 
foam. To a solution of this material in 2 ml of methanol was added 1.0 
ml of cone, hydrochloric acid and stirred for Ih. The solvent were 
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removed under reduced pressure to yield the title compound as a brown 
solid. 

This compound exists as a 3:2 mi>:ture of rotamers, JH NMR(CDCl3, 
400MHz) 8 8.30 (bs, ]/3H), 8.20 (bs, 2/3H), 8.05 (bs, 2/3H), 7.88 (d, 
^ J/3H), 7.72-7.45 (m. 5H), 7.43-7.30 (m, 4H), 7.20-7.05 (m, 2HX 7.00- 
6.90 (m, 22/3HX 6.35 (d, 1/3H), 5.25-5.10 (m. JH), 4.90 (bs, IH), 4.30 
(dt. IH), 4.15 (dt, IH), 3.95 (dd, IH), 3.60-3.40 (m. 3H), 3.25-3.20 (m, 
2H), 2.90 (di, IH), 2.73 (dt, 22/3H), 2.35 (m, 11/3H), 1.80 (m, IH). 
1.50 (s, IH). 1.43 (s, 2H), 1.39 (s, 3H), 1.30-1.20 (m, 2H), 1.00 (bd, 
1/3H), 0.90-0.70 (m, 2H), 0.55 (bd, 1/3H), 0.48 (dd, 2y3HX -0.90 (dt, 
1/3H) 

EXAMPLE 24 

IS N.[l(RM(1.2-Dihydro-l-meihanesulfonylspiroI3H-indole-3,4'. 
pipeidin3-r-yl)carbonyl]-2-(indol-3-yl)etbyl]-2-amino-2-methyl- 

propanamide hydrochloride 

To a solution of 0.258 g (0.50 mmol) of the intermediate 
from Example 21, Step D in 10 mL of dry dichloromeihane at O^C was 

20 added 0.39 mL(l .00 mmol) of N-methyl morpholine. and 45 \xh (0.60 
mmol) of meihanesulfonyl chloride and stirred for 30 min. The 
reaction was diluted with 10 mL of ether and washed with saturated 
sodium bicarbonate solution (5 mL), brine (5 mL), dried over 
anhydrous magnesium sulfate, filtered, and concentrated to yield the 

25 product as a pale yellow foam which was used without purification. To 
a solution of this material in 3.0 mL of dichloromethane was added 1.0 
mL of irifluoroaceiic acid and stirred ai RT for Ih. The reaction 
mixture was concentrated, basified with 5 mL of 10% aqueous sodium 
carbonate solution, and extracted with chlorofonm (3X5 mL). The 

30 combined organics were washed with brine(10 mL), dried over 

potassium carbonate, filtered, and concentrated to yield a thick oil. To 
a solution of this material in 3.0 mL of methanol was added 200 ^iL of 
4M hydrochloric acid in dioxane and concentrated lo dryness to yield 98 
mg of the desired material as a pale yellow solid. 
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The compound exists as a 3:2 mixiure of retainers. iH NMR (CD3OD, 
4OOMH2) 6 8.43 (d. IH). 8.35 (t. ]H). 7.72 (d. 2/3H), 7.61 (d, ]/3H), 
7.40-7.25 (m. 2H), 7.20-7.08 (m. 3H), 7.05-6.95 (m, 22/3H). 6.50 (d, 
1/3H). 5.25-5.10 (m. IH), 5.00-4.84 (2bd. IH), 3.68-3.45 (m. 3H). 3.20 
^ (m, 2H), 2.82 (s. IH). 2.80 (s. 2H), 2.60-2.48 (m, 1 1/3H). 2.30 (dt, 
1/3H). 1.81-1.40 (m, 4H), 1.35 (s, 2H), 1.33 (s. 2H), 1.32 (s. IH), 1.30 
(s, IH), 1.25-1.15 (m. IH), 1.10-1.00 (m. IH). 0.20 (dt. 1/3H) 

EXAMPLE 25 

10 

N- 1 (R)-1 1 ,2-Dihydro- 1 -meihanesulfonylspiro[3H-indole-3,4'-pjperidin]- 
r-yl)carbonyl)-[3-phenylpropyl]-2-amino-2-meihylpropanamide 
hydrochloride 



15 Step A: N-l(R)-[I,2-Dihydro-I-methanesulfonylspiroI3H-indole- 
3,4'-piperidin)-r-yl)carbonyl]-3-phenylpropyl)-2-((l,l- 
dijneihv]ethoxv)carbonvnajT)ino-2-methvlpropanamide 
The title compound was prepared from (2R)-2-[(l,l- 
dimeihylethox^)carbonyl]amino-4-phenyl-l-butanoic acid and 1,2- 
2° dihydro- 1 -meihyIsulfonylspiroI3H-indole-3,4'-piperidine) hydro- 
chloride by using the coupling method as described in Example 18, Step 
B. The crude product was purified on silica gel using 5% Acetone in 
CH2CI2. 

IH NMR (400MH2, CDCl3)87.2 (m. 9H),4.9 (m, 1H),4.5 (m. IH), 
25 3.8 (m. 2H), 3.2 (m, 2H), 2.9 (s. 3H), 2.7 (m. 2H), 2.3 (s. 2H), 2.0 (m. 
2H), 1.7 (m, 4H). 1.5 (s. 6H), 1.4 (s, 9H). 

Siep B: N-1 (R)-l 1 ,2-Dihydro-l -meihanesulfonyispirol3H-indole- 

3,4'-piperidin]- 1 '-yl)carbonyl]-3-phenyipropyIl-2-amino-2- 

methvlpropanamide hydrochloride 

Prepared from the intermediate obtained in step A using 

the deproiection method as described in Example 1 8, Step C. 
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] H NMR (400MHz, CD3OD) 5 7.3 (m, 9H), 4.5 (m, IH), 3.9 (m, 2H), 
3.5 (m, 2H), 3.2 (m. 2HX 2.9 (s, 3H), 2.7 (m, 4HX 2.0 (m, 4H), 1.6 (s, 
6H). 

EXAMPLE 26 



N-[l(R)-l(l,2-Dihydro-l-trifluoromethanesulfonyl-5--fluoro-spiio(3H- 
indole0.4''piperdin]-]'-yl)carbonyl]-2-(indolO-yl)eihyl]-2-ajnin^^^ 
meihvlpropanamidc trifluoroacetate 

Siep A: ] ,2-Dihydro-l -benzyloxycarbonyl— 5-fluoro-spiro[3H- 

indole>3.4*-piperdine1 

To 7.82 g of 60% sodium hydride was added hexane and 
ihe liquids were decanied. To ihis was added a solution of 1 1,10 niL(R9 
mmol) of 2,5-dif)uorophenylaceionitrile in 150 mL of DMSO and 
stirred for 30 min. A solurion of 15.10 g of l-chloromeihyl eihylamine 
hydrochloride in 150 mL of DMSO was added dropwise and heated at 
75^C for 4h. The reaction mixrure was poured into 600 g of ice and 
exiracied with eiher (5X200 mL). The combined organics were washed 
with 3X100 mL of 2N hydrochloric acid. The combined aqueous 
exiracis were basified 10 pH=9 with 50% aqueous sodium hydroxide and 
extracted wiih ether (3X200 mL). The combined organics were washed 
with brine (100 mL), dried over potassium carbonate and concentrated 
to give 15.54 g of a thick oil. 

Eihanol (24 mL) was added in dropwise fashion to 9.90 g 
of lithium aluminum hydride in 250 mL of DME at OX and then 
warmed 10 reflux. A solution of the compound in 250 mL of DME was 
added and refluxed for 72h. The reaction was then cooled to OX and 
quenched with water (10 mLX lOmLof 15% NaOH, and 30mL of 
water. The slurry was dried over K2CO3, filtered, and concentrated to 
give 13.6 g of a thick oil. This crude product was iriruraied with 
hexanes. the solid was filtered, and washed further with hexanes. 
2OOMH2 NMR (CDCI3) of the solid (2.6 g) indicated about 75% of the 
desired .spiro-indoline. 
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To a solunon of J. 02 g of this mixture in 50 mL of CH2CI2 
at O^^C was added 1 .0 mL of irieihvlamijie and 0.80 mL of CBZ-Cl and 
stirred for ]h at RT. The reaction mixture was poured into 50 mL of 

5% HCl and the aqueous layer was separated. Tht aqueous layer was 
^ basified with 50% NaOH to pH=10 and extracted with CH2CI2 (3x25 
mL). The combined organics were washed with brine (50 mL), dried 
over K2CO3, and concentrated 10 yield 1 .26 g of the compound as a 
thick oil. 

IH NMR (200MHz, CDCI3) 6 7.7-7.90 (m, IH), 7.50-7.15 (m, 6H), 
6.95-6,60 (m, 2H), 5.28 (bs, 2H), 3.90 (bs, 2H), 2.85 (bd, 2H), 2.30 (s. 
3H), 2.20-1.80 (m, 4H), 1.65 (bd, 2H). 

StepB: N-(1(R)-[(1 ,2-Dihydro-l -benzyloxycarbonyl-S-fluoro- 

spiroI3H-indole-3,4'-piperdin]- 1 '-yl)carbonyl)-2-(indoI-3- 
yl)ethyl]-[[( J J -dimeihyle!hyJoxy)carbonyl]amino]-2- 

methvlpropanamide 

To 1.62 g (4.62 mmol) of the above intermediate from Step 
A in 10 mL of U2-dich]oroeihane at OX was added 0.65 mL of ACE-CI 
and refluxed for Ih. The reaction mixture was concentrated to one- 

2 0 

third the volume and diluted with 10 mL of methanol and heated lo 
reflux for Ih. The reaction mixture was concentrated 10 dryness and 
trirurated with ether to give brown solid. This material was dissolved 
in saturated sodium bicarbonate solution (25 mL), and extracted with 
dichloromeihane (2X25 mL). The combined organics were dried over 
K2CO3 and concentrated to give 0.384 g of the free base. 

To 0.384 g of this material in 15 mL of CH2CI2 was added 
0.483 g of the acid intermediate obtained from Step C of Example 21, 
0.189 g of HOBT, and 0.34 g of EDC and stirred for 18h. The reaction 
micrured was poured into 10 mL of water and extracted with CH2CI2 
(2X 10 mL). The combined organics were washed with 20 mL of 10% 
citric acid, 20 mL of saturated NaHC03, dried over MeS04, and 
concentrated. Flash chromaiographed of the residue on 25 g of silica 
gel with hexanes-acetone fl:l) as eluent gave 0.389 g of the desired 
material. 
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3 H NMR (200MH2, CDCI3) 5 7.7-7.90 (m, IH). 7.50-7.15 (m, 6H). 
6.95-6.60 (m, 2H), 5.28 (bs, 2H), 3.90 (bs, 2H), 2.85 (bd, 2H), 2.30 (s. 
3H), 2.20-1.80 (m, 4H). 1.65 (bd, 2H). 

Step C: N-l 1 (R)-[(1 ,2-Dihydro-5-fluoro-spirol3H-indole-3,4'- 
piperdin]-r-yl)carbonyl]-2-(indol-3-yl)eihyl]-[[(l .1 - 
dimethvleihv]oxv')carbonvilajnino1-2-inethvlpropanamide 
To a solution of 0.363 g of the iniennediate obtained from 
Step B in 5 mL of of eihanol was added O.lOg of 20% palladium 
hydroxide on carbon and hydrogenated under H2 balloon for Ih. the 
catalyst was filtered off and washed with more methanol. The fihrate 
was concentrated to yield 0.262 g of the desired material. 
iH NMR (400MH2, CDCI3) This material was 2:1 mixture of roiamers. 
5 8.85-8.60 (2bs, IH), 7.70(d. 2/3H), 7.55 (d, 1/3H), 7.38 (d. 2/3H), 
7.30 (d. 1/3H), 7.28-7.15 (m, 4H), 7.13-7.02 (m. 2H), 6.65 (dt, 2H), 
6.50 (dd, 1/3H), 6.45 (dd, 2/3H), 6.14 (dd, 2/3H), 5,30-5.13 (m, IH), 
5.10 (bs. ]H), 4.30 (bd, 2/3H), 422 (bd, 1/3H), 3.50-3.30 (m, IH), 3.30- 
3.00 (m. 4H), 3.00-2.80 (m, IH), 2.73 (i. IH), 2.53-2.40 (m, 1 1/3H), 
2.20 (t, ]/3H),1.49 (s,3H). 1.45 (s, 3H). 1.41 (s, 9H) 1.20 (dt, 1/3H). 
0.95 (bd, 2/3H). 0.90 (dt, 2/3H), -0.05 (dt, 1/3H). 

Step D: N-(l(R)-l(l,2-Dihydro-l-trifluoromeihanesuIfonyl-5- • 
fluoro-spiro(3H-indole-3,4'-piperdin)-r-yl)carbonyl]-2- 
(indol-3-yl)ethyl]-[l(l,l-dimeihyleihyloxy)carbonyl]amino]- 

2-meihvlDropanamide 

To a solution of 30 mg of the iniermediaie obtained from 
Step C in 1 mL of dichloromeihane ai 0"C was added 0.050 mL of 
iriethylamine and 0.020 mL of triflic anhydride and stirred for 5 min. 
the catalyst was filtered off and washed with more methanol The 
reaction was poured into 5 mL of 5% aqueous sodium carbonate 
solution and stirred for 5 min. The aqueous layer was extracted with 
CH2CI2 (2X5 nnL) and the combined oreanics were dried over MgS04. 
filtered, and concentrated. Flash chromatography of the residue on 3 2 
of .silica pel with CH2Cl2-acetone (4:1) as elueni gave 21 mg of product. 
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iH NMR (400MHz. CDCI3) This maierial was 2:1 mixture of roiamers. 
5 8.40 (bs. 2/3H), 8.25 (bs, I/3H). 7:70(d, 2/3H). 7.60 (d, ]/3H), 7.40 
(d, 2/3H), 7.35-7.10 (m, 5H), 6.90-6.80 (m, 2H). 6.18 (dd. IH). 5.30- 
5.13 (m. IH). 4.95(bs. 2/3H), 4.90 (s, 1/3H), 4.45 (bd, 2/3H), 4.35 (bd. 
1/3H), 385-3.70 (m, 2H), 3.70-3.55 (m, 2H), 3.30-3.10 (m, 2H), 2.70 (t, 
IH). 2.45 (t. 1/3H). 2.35 (i. 2/3H). 1.49 (s. 3H), 1.45 (s. 3H), 1.41 (s, 
9H), 1.20 (di, 1/3H), 0.95 (bd, 2/3H). 0.90 (dt. 2/3H). -0.05 (dt, ]/3H). 
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Step E: N-ll(R)-[(l,2-Dihydro-l -t^ifluo^omethanesulfonyl-5- 
fIuo^o-spiro[3H-indo)e-3,4'-piperdin]-^-yl)carbonyl}-2- 
firido]-3-vl')eihvn— 2-methvlpropananiide trifluoroacetate 
To a solution of 21 mg of the intermediate obtained from 
Step D was maintained in 1 mL of dichloromethane and 1 mL of 
irifluoroaceiic acid at room temperature for 30 min. The volatiles were 
evaporated 10 dr>'ness and irituraied with eiher to give a yellow solid. 
iH NMR (400MH2, CD3OD) This material was 2:1 mixrure of 
roiamers. 5 7.65(d, 2/3H). 7.60 (d, 1/3H). 7.42 (d, 2/3H), 7.35-7.10 (m, 
5H), 6.93-6.R0 (m, 2H). 6.24 (dd, IH). 5.30-5.13 (m. IH), 4.95(bs. 
2/3H), 4.90 (s; I/3H), 4.45 (bd, 2/3H), 4.35 (bd. 1/3H), 385-3.70 (m. 
2H). 3.70-3.55 (m, 2H), 3.30-3.10 (m, 2H). 2.70 (t, IH), 2.45 (t. 1/3H). 
2.35 (I. 2/3H). 1.49 (s, 3H), 1.45 (s, 3H), 0.93 (bd, 2/3H), 0.90 (di, 
2/3H), -0.05 (dt, 1/3H). 

EXAhlPLE 27 

N-I l(R)-l(l,2-Dihydro-l-lmeihoxycarbonyl]meihylsulfonyl-5-fluoro- 
spiro[3H-indole-3,4'-piperdin]]-r-yl)carbonyl]-2-(indol-3-yl)ethyl]-2- 
amino-2-meihvlpropanamide trifluoroacetate 

Step A: N-| 1(R)-[(1 ^-Dihydro- 1 -Imethoxycarbonyllmethyi- 
su lfonyl-5-fTuoro-spiro|3H-TndoTeO",4'-'"piperdin]]- 1 
yl)carbonyl]-2-(rndol-3-yl)ethyl]"2-meihylpropanamide 
trifluoroacetate 
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To a soluiion of 77 mg of the iniermediaie obtained from 
Siep C of Exainple 26 in I mL of dichloromeihane at 0°C was added . 
0.30 mL of N-methylmorpholine, and 0.024 mL of 2-carbomethoxy- 
meihanesulfonylchloride and stin-ed for Ih. The reaction was poured 
^ into 5 mL of 5% aqueous sodium carbonate solution and stirred for 5 
min. The aqueous layer was extracted with CH2C12 (2X5inL) and the 
combined organics were washed with brine (5 mL), dried over MgS04, 
filtered, and concentrated. Flash chromatography of the residue on 5g 
of silica gel with CH2Cl2-acetcne (4:1) as eluenl gave 64 mg of product. 
1 ° 1 H NMR (400MHz, CDCI3) This material was 2: 1 mixnire of rotamers. 
5 8.48 (bs, 2/3H), 8.35 (bs, 1/3H), 7.70(d, 2/3H), 7.60 (d, 1/3H>. 7.40 
(d. 2/3H), 7.32 (d, 1/3H). 7.25-7.00 (m. 4H), 6.90-6.78 (m, 2H), 6.18 
(dd, IH). 5.30-5.20 (m, IH), 4.97(bs. 2/3H), 4.91 (s, 1/3H), 4.50-4.35 
(2bd, IH), 4.02 (s, 2/3H). 3.99 (s, 1/3H), 3.76(q, 2H). 3.58 (s. IH), 3.56 
(s. 2H), 3.08-3.07 (m, 2H). 2.72 (t, IH), 2.50-2.30 {2t, JH), 1.65 (t, 
I/3H). 1.50 (s, 2H), 1.46 (s. 4H). 1.40 (s. 9H), 1.30 (m, 1/3H), 1.10 (bd, 
2/3H), 0.88 (di, 2/3H). -0.13 (dl, 1/3H). 
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Siep B: N-(1(R )-((!, 2-Dihydro-l-|methoxycarboiiyl]methyl- 
sulfonyl-5-fluoro-spiro|3H-indole-3,4'-piperdin]]-r- 
yl)carbonyl]-2-(indol-3-yl)eihyl]-2-methylpropanamide 

trifluoroaceiaie 

To a solution of 24 mg of the intermediate obtained from 
Step A was maintained in 1 mL of dichloromeihane and 1 mL of 
trifluoroaceiic acid at room temperature for 30 min. The volatiles were 
evaporated to dryness and triturated with ether to give 23 mg of a 
colorless solid. 

iH NMR (400MHz. CD30D)This material was 2:1 mixture of 
rotamers. 6 8.70 (bs, 1/3H), 8.60 (bs, 2/3H), 7.60(m, 2/3H). 7.50 (d. 
2/3H), 7.48 (m. 1/3H), 7.40 (d, 2/3H), 7.31 (d. 1/3H). 7.25-7.00 (m, 
4H), 6.95-6.85 (m, IH). 6.70 fdd, 1/3H). 6.J5 (dd, 2/3H), 5.20-5.10 (m. 
IH). 4.38 (bd, 1/3H), 4.28 (bd, 2/3H), 4.02 (s, 2/3H), 3.99 (s, 1/3H), 
3.76(q. 2H). 3.5K (s. IH), 3.56 (.s. 2H), 3.08-3.07 (m. 2H), 2.72 (l. IH). 
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2.50-2.30 (2t. IH), 1.65 (t, 1/3H), 1.65 (s, 2H), 1.60 (s. 4H), 1.30 (m. 

1/3H), 1 .00 (bd. 2/3H), 0.8R (dt, 2/3H), -O.JO (dt. 1/3H). j 

EXAMPLE 28 , 

5 • I ■ 

N-I J (R)-((l ,2-Dihydro- 1 -niethanesulfonyl-5-fluoro-spiro(3H-indole- 
3.4'-piperdin]-]'-yl)carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2- 
meihvlpropanamide hydrochloride ^ 

Step A: N-I J (R )-[(]. 2.Dihydro-l -ben2yloxycarbonyl-5-fluoro- 

spirol3H-indole-3,4*-piperdin]-l'-yl)carbonyl3-2-(phenyl- \ 
meihyloxy)ethyl]-Il(l ,1 -diineihyleihyloxy)carbonyOaniino)- I 

2-methvlpropanamide | 

To 0.330 g of ihe l,2-Dihydro.l-ben2yloxycarbonyl-5- 
fluoro-spiro[3H-indoIe-3.4'-piperdine] obtained from Siep A of 
Example 26 in JO mL of J,2-dichloromet}iane at room temperanire was 
added 0.35 g of N-iBOC-O-benzyl-D-serijie. 0.J95 g of HOBT, and 
0.30 g of EDC and stirred for 1 8h. The reacnon miciured was poured 
inio JOmL of waier and extracted with CH2CI2 (2XJ0 mL). The 
combined organics were washed with 20 mL of 10% citric acid, 20 mL 
of sanirated NaHC03, dried over l^gS04, and concentrated. 

To a solution of the inieirnediate obtained from Step A in 5 
mL of CH2CI2 was added 5 mL of trifluoroaceiic acid and stirred at RT 
for 30 min. The reaction mixrure was concentrated, diluted with 5.0 
mL of dichJoTomeihane and carefully basified with 10 mL of 10% 
aqueous sodium carbonate solution. The organic layer was separated 
and the aqueous layer was further extracted with 2X15 mL of 
dichloromethane. The combined organics were washed witli 5 mL of 
water, dried over potassium carbonate, filtered and concentrated to give 
•^^ 0.39 g of the amine as a thick oil. 

To 0.39 g of the above intermediate in 10 mL of 1.2- 
dichloromeihane at room temperature was added 0.24 g of N-tBOC-a- 
methylalanine, 0.195 g of HOBT, and 0.30 g of EDC and stirred for 
18h. The reaction mixntred was poured into 10 mL of water and 
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extracted with CH2CI2 (2X10 mL). The combined organics were 
washed with 20 mL of 10% citric acid, 20 mL of saturated NaHC03, 
dried over MgS04, and concentrated. Flash chromatography of the 
residue over 30 g of silica gel with hexane-eihyl acetate (2:1) as eluent 
^ gave 0.33 g of product 

iH NMR (200MHz, CDCI3) 5 7.80(bs, IH), 7.50-7.15 (m, 5H), 7.10(bd, 
IH), 6.90-6.70(m, IH), 6.27 (bd, ]H), 7.35-7.30 (m, 5H), 5.35-5.10 (m, 
3H), 4.99 (s, IH), 4.70-4.40 (m, 3H), 3.90-3.50 (m, 4H). 3.15-2.90 (m, 
2H), 2.80-2.50 (m, 2H), 1.80-1 .40 (m, 2H), 1.50 (3H), 1 .42 (s, 6H). 

10 

StepB: N-[l(R)-[(I,2-Dihydro-5-fliJoro-spirol3H.indole-3,4'. 

piperdin]-r-yl)carbonyl]-2-(phenylmethyloxy)eihyl]-([(JJ- 
dimethvlethyloxv)carbonvnamino1-2-methv]propanamide 
To a solution of 0.330 g of the intermediate obtained from 
Step A in 5 mL of ethanol at was added 1 drop of irieihylamine and 
hydrogenated with hydrogen balloon for 3h. The catalyst was filtered 
off through a pad of celite and washed with ethyl acetate. The filtrate 
was concemrated 10 give 0.269 g of the product as a colorless foam. 
iH NMR (400MH2. CDCI3) 5 7.35-7.20 (m. 4H), 7.17-7.08 (m, 2H), 
6.80-6.65 (m, 2/2/3H), 6.27 (dl, 1/3H), 5.20-5.10 (m, IH), 4.90 (s, IH), 
4.60-4.40 (m, 3H), 4.00 (bt, IH). 3,75-3.60 (m, IH), 3.55-3.40 (m, 3H). 
3.18-3.30 (m, 2H), 2.90-2.65 (m, IH), 1.83-1.50 (m, 4H), 1.48 (s, 4H), 
1.42 (s, 2H). 1.39 (s, 9H). 

Step C: N-f 1 (R)-I(l ,2-Dihydro-l -methanesulfonyl-5-fluoro- 

spiro|3H-indole-3,4*-piperdin]-r-yl)carbonyl]*2-(phenyl- 
methyloxy)eihyl]-t|(lj-dinieihyleihyloxy)carbonyl]- 

amino1-2-methvlpropanamide 

To a solution of 0.134 g the intermediate from Step B in 5 
mL of dichloromethane was added 0.080 mL of N-methylmorpholine, 
and 0.022 mL of methanesulfonylchloride and stirred at OX for 30 
min. The reaction mixrure was diluted with an additional 5 mL of 
dichloromethane and washed with 5 mL of saturated sodium bicarbonate 
solution, brine (5 mL), dried over McS04 and concentrated. Flash 
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chromaiography of the residue over 20 g of silica gel gave 0.101 g of 
the desired product. 

iH NMR (400MH2. CDClS) 5 7.40-7.20 (m. 5H). 7.08 (d, IH). 6.95- 
6.80 (m. 2/1/3H), 6.23 (dd, 2/3H), 5.20-5.10 (m. IH), 4.90 (bs, IH). 
4.60 (bd. 2/3H), 4.5R-4.40 (m. 3/1/3H), 4.10-4.00 (m. IH), 3.38R-3.70 
(m, 21/3H), 3.66-3.60 (m. 1/2H), 3.60-3.50 (m. IH). 3.10-2.95 (m, IH). 
2.86 (s. IH). 2.84 (s. 2H), 2.80 (t, 1/3H), 2.65 (i. 2/3H), 2.90-2.50 (m. 
4H), 1.45 Cs, 4H), 1.44 (s, 2H), 1.42 (s. 3H). 1.40 (s, 6H). 



10 



StepD: N-Il(R)-[(l,2-Dihydro-l-meihanesulfonyl-5-fluoro. 

spiro[3H-indole-3.4'-pipeidin]-r-yl)carbonyl]-2-(phenyl- 
meihyloxy)eihyl]-2-amino-2-inethylpropari amide 

hydrochloride ; 

To a solution of 0.101 g the ijiiennediate from Step C in 
ImL of dichloromeihane was added 1.0 mL of trifluoroacetic acid and 
maintained at RT for 30 min. The reaction mixture was evaporated to 
drjTiess, basified with 10% aqueous sodium carbonate solurion (10 mL), 
and extracted with dichloromeihajie (3X5 mL). The combined organics 
were washed with brine (5 mL), dried over potassium carbonate, and 
concentrated. This material was dissolved in 2 mL of ethyl acetate and 
0.10 mL of AM HCl in EtOAc was added at 0*'C. The precipitate was 
filtered under niiogen and washed with EtOAc/eiher (1:1) and dried io 
give 62 mg of the product as a white solid. 

IH NMR (400MHz, CD3OD) 5 7.40-7.20 (m, 5H), 7.08 (d,lH). 6.95- 
6.80 (m, 2/1 /3H), 6.23 (dd, 2/3H), 5.20-5.10 (m, IH), 4.60 (bd. 2/3H), 
4.58-4.40 (m, 3/1/3H), 4.10-4.00 (m. IH). 3.388-3.70 (m. 21/3H). 3.66- 
3.60 (m. 1/2H), 3.60-3.50 (m, IH), 3.10-2.95 (m, IH), 2.86 (s. IH), 
2.84 (s. 2H). 2.80 (t. 1/3H), 2.65 (t. 2/3H), 2.90-2.50 (m, 4H), 1.45 (s. 
4H). 1 .44 (s. 2H). 
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— EXAMPLE 29 - 

Step A: N-( 1 (R)-|(l ,2-Dihydro-] -ben2enesu1fonyl-5-fluoro. 
spiro(3H-indole-3.4'-piperdin)- 1 *-yl)carbonyl]-2- 
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(phenYlmeihyloxy)ethyl]-2-arnino-2-nieihylpropanamide 

trifluoroacetate ; 

To a soluiion of 0.026 g the intermediaie from Step B of 
Example 27 in 2 mL of dichloromeihane was added 0.020 mL of 
5 N-meihylmorpholine, and 0.012 mL of benzeneesulfonylchloride and 
siined at 0°C for Ih. The reaction mixmre was poured into 10 mL of 
eiher and washed with 5 mL of saturated sodium bicarbonate solution, 
dried over MgS04 and concentrated. Flash chromatography of the 
residue over 10 g of silica gel with CH2Cl2-ether (2:1) as eluent gave 
0.019 g of the product. 

This material was treated with 1 mL of dichloromethane 
and 1 mL of irifluoroaceiic acid for Ih. The reaction mixture was 
evaporated to dryness and the residue was triturated with ether to give 
1 8 mg of the desired product as a white solid. 
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iH NMR (400MHz, CD3OD) 5 7.80 (d, 2H), 7,70-7.55 (m, 2HX 7.55- 
7.50 (m, 2H), 7.40-7.20 (m, 42/3H), 7.03-6.92 (m, IH), 6.82 (dt, 2/3H), 
6.47 (di, 2/3H), 5.08 (di, IH), 4,60-4.48 (m, 2H), 4.33 (bi, IH), 3.94- 
3.85 (m. 3H), 3.75-3.65 (m, 2H), 3.10 (di. IH), 2.80 (dt, IH), L73 (di, 
IH), 1.58 (s, 4H), 1.56 (s, 2H), 1.50 (di, IH), 1.38 (dt, IH), 1.10 (di, 
2H). 



EXAMPLE 30 

N-{1 (R)-[(K2-Dihydro-l-eihajiesu]fonY]-$piro(3H-indole-3,4'-piperdin]- 
r-yl)carbonyl]-2-(phenylnieihyloxy)ethyl]-2-ainino-2- 
meThvlpropanamide hydrochloride 

Siep A: N-ll(R)-l(l,2-Dihydro-l-benzyloxycarbonyl-spiroI3H- 

indole-3,4'-piperdiji]-r-yl)carbonyl]-2-(phenylniethyloxy)- 
eihyl]-[I(l ,1 -dijTiethy]ethyloxy)carbonyl]amino]-2- 

meibvlpropanamide ■ 

To 5 g of ihe l,2-Dihydro-]-benzyloxycarbonyl-spiro(3H- 
indole-3,4'-piperdine] hydrochloride in 100 mL of dichloromeihane at 
room lemperature was added 3.64 g of N-iBOC-O-benzyl-D-serine, 
1.83 g of HOBT, 2.60 mL of N-meihylmorpholine, and 3.70 g of EDC 
and siirred for ]8h. The reaction mixnire was poured into 100 mL of 
water and extracted with CH2CI2 (2X100 mL). The combined organics 
were washed with 100 mL of 10% citric acid, 100 mL of saturated 
NaHC03, dried over MgS04, and concentrated. 

To a solution of the iniermediaie obtained from Step A in 
20 mL of CH2CI2 was added 20 mL of trifluoroacetic acid and stirred 
at RT for 30 min. The reaction mixture was concentrated, diluted with 
50 mL of dichloromeihane and carefully basified with 100 mL of 10% 
aqueous sodium carbonate solution. TTie organic layer was separated 
and the aqueous layer was further extracted with 2X50 mL of 
dichloromeihane. The combined organics were washed with 50 mL of 
water, dried over potassium carbonate, filtered and concentrated to give 
the amine a.s a thick oil. 



wo 94/13696 PCTAJS93/J10M 



10 



15 



20 



30 



- 103 - 

To ihe above intermediaie in 50 mL of dichJoromethane at 
room lemperanire was added 2.50 g of N-iBOC-a-methylalanine, 1.83 
g of HOBT. and 3.70 g of EDC and stirred for 1 8h. The reaction 
mixrured was poured into 10 mL of water and extracted with CH2CI2 
(2XJ0 mL). The combined organics were washed with 20 mL of 10% 
citric acid, 20 mL of saturated NaHC03, dried over MgS04, and 
conceniraied. Flash chrom Biography of the residue over BOOg of silica 
gel with hexane-eihyl acetate (2:1) as eluent gave 8.1 g of product 
JH NMR (4OOMH2] CDCI3) 5 7.85(bs, IH), 7.45-7.20 (m, lOH), 7.20- 
7.05 (m, 22/3H), 6.95 (t, 1/3H), 6.88(t, ]/3H), 6.53 (dd, 2/3H), 5.35- 
5.20 (m, 2H), 5.20-5.10 (m, IH), 4.92 (bs, IH), 4.65-4.20 (m, 4H). 4.05 
(bd, 2/3H), 4.00-3.80 (m, 1.1/3H), 3.80-3.60 (m. IH), 3.10 (t, 2/3H), 
3.00-2.85 (m, 1/3H), 2.82-2.60 (2i, IH), 1.90-L55 (m. 5H), 1.49 (s. 
4H). 1.42 (s. 2H), L40 (s. 9H). 



Siep B: N-|l(R)-l(l,2-Dihydro-spiroI3H-indole-3,4"-piperdin)-l- 
yl)carbonyl]-2-(phenylmethyloxy)ethyl]-(((lJ-dimeihyl- 

ethoxvkaTbonvnamino1-2-meihylpropanamide 

To a solunon of 8.10 g of the imemiediaie obtained from 
Siep A in 80 mL of eihanol was added 1 g of 20% palladium 
hydroxide/C and hydrogenated with hydrogen balloon for Ih. The 
catalyst was filtered off through a pad of celiie and washed with ethyl 
acetate. The filtrate was concentrated 10 give 4.69 g of the product as a 
colorless foam. 

25 IH NMR (400MHz, CDCI3) 6 7.35-7.20 (m, 5H). 7.18 (d, 1/2H). 7.10 
(d. 1/2H). 7.04-6.98 (m, 2H). 6.75-6.60 (m, 2H), 5.20-5.10 (m, IH). 
4.97 (bs. IH). 4.55-4.40 (m. 3H), 3.95 (dd, IH), 3.73-3.61 (m, IH). 
3.60-3.50 (m, IH), 3.50-3.33 (m, 3H), 3.10 (dt, IH), 2.83 (di, IH), 
1.85-1.55 9m. 5H). 1.47 (s, 4H). 1.42 (s. 2H). 1.39 (s. 9H). 



Step C: N-II(R)-((1.2-Dihydro-l-eihanesulfonyl-spirol3H-indole- 
3,4'-piperdin]-r-yl)carbonyl]-2-(phenylmeihyloxy)-ethyl)- 
2-amino-2-methvlpropanamide 
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To a solution of 0.158 g the mtermediaie from Siep B in 5 
mL of dichloromeihajie was added 0.053 mL of N-methylmoipholine, 
and 0.034 mL of ethanesulfonylchloride and siirred at O^C for 30 min 

and RT for Jh. The reaciion mixrure was diluied with an additional 5 
^ mL of dichloromeihane and washed with 5 mL of sarurated sodium 
bicarbonate solution, brine (5 mL), dried over MgS04 and 
concentrated. Flash chromatography of the residue over 10 g of silica 
gel wiih CH2Cl2-eiher (3:1) as eluenl gave 0.057 g of the desired 
product. 

To a soluiion of 0.057 g the above iniermediaie in 1 mL of 
dichloromeihane was added 1.0 mL of irifluoroacetic acid and 
maintained ai RT for 30 min. The reaction mixture was concentrated to 
dr>'ness and triturated with ether to give 0.034 g of the product as a 
yellow solid. 

" JH NMR (400MHz, CD3OD) 5 7.40-7.25(m, 5H), 7.25-7,13 (m, 
21/2H), 7.03 (t, 1/2HX 6.95 (l, 1/2H), 6.80 (d, 1/2H), 5.18 (dl, IH), 
4.60-4.42 (m, 3H), 4.08 (t, IH), 3.96 (s, 2H), 3.83^3.70 (m, 2H), 3.29- 
3.15 (m, 3H), 2.84 (dt, IH), 1.90 (dt, IH), 1.74-1.62 (m, 4H). 1.62 (s, 
2H), 1.60 (s, 4H), 1.33 (dt, 3H). 



20 



25 



EXAMPLE 31 

Step A: N-1 1 (R)-I(l ,2-Dihydro- 1 -[2-meihyl-2-propanesulfonyl- 
spiroI3H-indole-3,4'-piperdin]]-r-yl)carbonyl]-2- 
(phenylmethyloxy)eihyl]-[[(Ll-dimethyleihyloxy)- 
carhnnvllamino1-2-methvlDropanamide 



To a soluiion of 0.212 g the intermediate from Step B of 
Example 29 in 2 mL of L2-dichloroethane was added 0.083 mL of 
irieihvlamine, and 0.054 mL of isopropylsulfonylchloride and stirred at 
O^^C for 30 min and at RT for 3h. The reaciion mixture was diluted 
with a 5 niL of dichloromeihane arid washed with 5 mL of sarurated 
sodium bicarbonate soluiion, brine (5 mL), dried over MgS04 and 
conceniraied. Flash chromatography of the residue over 10 g of silica 



wo 94/13696 PCTAJS93/11038 



10 



15 



20 



25 



30 



. J05- 

gel with CH2C)2-eiher (3:l)as eluent gaveO.113 g of the desired 
product. 

To a solution of OJOl g the above intermediate in 1 mL of 
dichloromethane was added 1.0 mL of trifluoroacetic acid and 
maintained at RT for 30 min. The reaction mixture was evaporated to 
dryness, basified with 10% aqueous sodium carbonate solution (10 mL), 
and extracted with dichloromethane (3X5 mL). The combined organics 
were washed with brine (5 mL), dried over potassium carbonate, and 
concentrated. This material was dissolved in 2 mL of ethyl acetate and 
0.10 mL of 4M HCl in EtOAc was added at 0'*C. The precipitate was 
filtered under nitogen and washed with EtOAc/ether (1:1) and dried to 
give 88 mg of the product as a white solid. 

IH NMR (400MHz, CD3OD) 6 7.40-7.20 (m, 5H), 7.08 (d,lH), 6.95- 
6.80 (m, 2/1 /3H), 6.23 (dd, 2/3H), 5.20-5.10 (m, IH), 4.60 (bd, 2/3H). 
4.58-4.40 (m, 3/1/3H), 4.] 0-4.00 (m, JH), 3.388-3.70 (m, 21/3H), 3.66- 
3.60 (m, 1/2H), 3.60-3.50 (m, IH), 3.J0-2.95 (m, IH), 2.86 (s, IH), 
2.84 (s, 2H). 2.80 (t. I/3H), 2.65 (i, 2/3H). 2.90-2.50 (m, 4H). 1.45 (s. 
4H). 1.44 (s, 2H). 

EXAMPLE 32 

Siep A: N-[ 1 (R)-l( 1 ,2-Dihydro- 1 -I2-carbonieihoxymeihanesulf onyl- 
spiro(3H-indole-3,4'.pipeTdin]]-r-yl)carbonyl]-2-(phenyl- 
meihyloxy)eihyl]-[((l J-dirnethyleihyloxy^carbonyn- 
mnnol:^:^]!^!]^ 

To a soluiion of 0.50 g ihe iniermediaie from Siep B of 
Example 29 in 10 mL of dichloromethane was added 0.21 mL of N- 
meihylmorpholine and 0.10 mL of 2-carbomethoxymeihanesulfonyl- 
chloride and siined ai 0°C for 30 min. The reaction mixture was 
diluted wiih 10 mL of dichloromethane and washed with 5 mL of 
saturated sodium bicarbonate solution, brine (5 mL), dried over MgS04 
and concentrated. Flash chromatography of the residue over 20 g of 
silica gel with CH2Cl2-eiher (3:1) as eluent gave 0.529 g of the desired 
product. 
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IH NMR (400 MHz. CDCI3) 5 7.39-7.20 (m, 5H), 7.20-7.10 (m. 
21/2H), 7.08 (dt, IH), 6.92 (t. 1/2H), 6.55 (d,. 1/2H). 5.20-5.10 (m. IH), 
4.94 (bs, IH), 4.60 (bd, IH). 4.53-4.40 (m. 2H), 4.10 (2bs. 2H), 4.05^ 
3:90 (m. 2H), 3.70 (dt, IH). 3.63 (s, 1 1/2H). 3.61 (s, 1 1/2H). 3.59-3.50 
^ (m. IH). 3.05 (dt, IH). 2.70 (dt. IHO, 1.90.1.50 (m. 4H), 1.49 (s, 4H). 
1.44 (s,2H). 1.39 (s. 9H). 

Siep B: N-[ J (R)-[(l ,2-Dihydro- J -(2-carbonieihoxymethanesulfonyl- 
spirol3H-indole-3,4'-piperdin]]-l'-yl)carbonyl]-2- 
^ ° (phenylmethyloxy)eihyl]-2-amino-2-meihy]propanamide 

hydrochloride 

To a solution of 0. 11 3 g the above intermediate in 1 mL of 
dichloromethane was added 1 .0 mL of trifluoroacetic acid and 
maintained at RT for 30 min. The reaction mixture was evaporated 10 
dryness, basified with 10% aqueous sodium carbonate solution (10 mL), 
and extracted wiih dichloromeihane (3X5 mL). The combined organics 
were washed with brine (10 mL), dried over poiassium carbonate, and 
concenirated. This material was dissolved in 2 mL of ethyl acetate and 
0.20 mL of 4M HCl in EiOAc was added at 0°C. Ether was added and 
the precipitate was filtered under niiogen and washed with ether and 
dried to give 0.1 OR g of the product as a white solid. 
IH NN4R (400MH2, CD3OD) 5 7.40-7.20 (m. 5H). 7.08 (d.lH). 6.95- 
6.80 (m, 2/1 /3H), 6.23 (dd, 2/3H). 5.20-5.10 (m. IH). 4.60 (bd. 2/3H), 
4.58-4.40 (m. 3/1/3H). 4.10-4.00 (m, IH), 3.388-3.70 (m. 21/3H). 3.66- 
" 3.60 (m. 1/2H), 3.60-3.50 (m. IH). 3.10-2.95 (m, IH). 2.86 (s. IH), 
2.84 (s, 2H), 2.80 (t, 1/3H). 2.65 (t, 2/3H). 2.90-2.50 (m. 4H). 1.45 (s. 
4H), 1.44(s,2H). 

EXAMPLE 33 

30 

Step A: N-l 1 (R)-(( 1 ,2-DihydrD- 1 -[2-carboxymelhanesulfonyl- 
spi^o[3H-indo]e-3,4■-piperdin]]-^-yl)carbonyl]-2- 
(phenylmeIhyloxy)elhyl]-(|(l,l-dimethYlethyloxy)- 
carbonvl1amino1-2-meihvlpropanamide irifluoroaceiate 
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To a solution of 0.J26 g ihe iniermediaie from Step A of 
Example 32 in 3 mL of methanol and 1 mL of water at 0*C was added 2 
drops of 5N aqueous sodium hydroxide and stirred for 30 min. The 
reaction mixture was acidified to pH=2 with 0.50N aqueous 
hydrochloric acid, diluted with brine (5 mL), and extracted with 
CH2CI2 (2X5 mL). The combined organics were washed with brine(10 
mL), dried over MgS04 and concentrated to give 0.098 g of a while 
foam. 

IH NMR (400MHz, CDCI3) 6 9.R0 (bs, IH). 7.45 (d, I/2H), 7.40-7.13 
(m, 7H). 7.02 (t, 1/2H), 6.90 (t, 1/2H), 6.50 (d, 1/2H), 5.22-5.10 (m, 
IH), 4.60-4.40 (m, 3H), 4.20-4.00 (m,3H). 3.92 (d, IH), 3.70-5.50 (m, 
2H). 3.04 (di, IH), 2.70 (di. IH), 1.93- J .50 (m. 4H), 1.42 (s, 6H). 1.33 
(s. 9H). 

Step B: N-l 1 (R)-[(l .2-Dihydro- 1 -(2-carboxymeihanesulfonyl- 
spiroI3H-indole-3,4'-piperdin]]-r-yl)carbonyI]-2- 
(phenv1meihv1oxv1eihvll-2-amino.2-methvlpropanamide 
To a solution of 0.098 g the intemiediaie from Step A in I 
mL of dichloromethane was added 1 mL of trifluoroacetic acid and 
stirred for 30 min. The reaction mixture was evaporated to dryness and 
trirurated with ether to 0.096 g of the product as a white sohd. 
IH NMR (400MH2, CD3OD) 87.40-7.28 (m, 6H). 7.24-7.15 (m, 
21/2H). 7.00 (di, IH), 6.80 (d, 1/2H)", 5.17 (di, IH). 4.60-4.45 (m, 2H), 
4.22 (d, 2H), 4.14-4.00 (m, 3H), 3.81-3.70 (m, 2H). 3.22 (dt. IH), 2.83 
(dt. IH), 1.96 (dt, 1/2H). 1.80-1.64 (m, 41/2H). 1.62 (s, IH), 1.60 (s, 
5H). 

EXAMPLE 34 

Step A: N-[1(R)-[(1, 2-Dihydro- 1 -I2-hydroxyeihanesulfonyl- 
spiro|3H-indole-3,4'-piperdin)]-r-yI)carbonyl)-2- 
(phenylmethYloxy)ethy!]-(((l,l-dimethyle!hyloxy)- 
carbonvllamino1-2-methvlpropanamide trifluoroacetate 
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To a solution of 0.222 g the iniermediaie from Siep A of 
Example 32 in 2 mL of 2 mL of anhydrous letrahydrofuran at RT was 
added was added 0.48 mL of 2M soluiion of h'thium borohydride in 
teirahydrofuran and siirred for 3h. The reaction mixture was quenched 
^ with 0.50 mL of acetone, diluted with 15 mL of water and extracted 
with CH2CI2 (2X15 mL). The combined organics were washed with 
brinedO mL), dried over MgS04 and concentrated to give 0.27 g of a 
while foam. Flash chromatography of the residue over lOg of silica gel 
with CH2Cl2-aceione (2:1) as eluent gave 0.129 g of the desired 
material as a thick oil. 

IH NMR (400N4H2. CDCI3) 5 7.32-7.20 (m, 6H). 7,20-7. 10 (m, 2H), 
7.09 (d, I/2H), 6.98 (i, 1/2H), 6.90 (l, 1/2H), 6.54 (d, 1/2HX 5.17-5.10 
(m. IH), 5.00 (bs, IH), 4.61^4.39 (m, 3H), 4.10-3.95 (m, 5H), 3.93- 
3.74 (m, 2H), 3.66 (ddd, IH), 3.53 (dt. IH), 3.27 (dt, 2H), 3.00 (dt, 
IH), 2.70 (dt, IH). 1.90-1.50 (m, 4H), 1.43 (s, 4H), 1.41 (s. 2H), 1.36 
(s, 9H). 



SiepB: N-{ 1 (R)-[(l ,2-Dihydro-l-[2-hydroxyeihanesulfonyl- 
spiro[3H-indole-3,4'-piperdin]]-r-yi)carbonyl]-2- 
(phenylmethoxy)ethyl]-2-amino-2-methylpropan amide 

trifluoroacetate 

To a solution of 0.129 g the intermediate from Step A in 
ImL of dichloromethane was added 1 mL of trifluoroacetic acid and 
stined for 30 min. The reaction mixture was evaporated to dryness and 
iriruraied with ether to 0.1 13 g of the product as a white solid. 
IH NMR {400MHz, CD3OD) 5 7.40-7.25 (m, 6H), 7.25-7.13 (m, 
21/2H), 6.98 (dt, IH), 6.80 (d, 1/2H), 5.20-5.10 (m, IH), 4.60-4.43 (m, 
3H), 4.10-3.90 (m, 5H), 3.81-3.70 (m, 2H), 3.40-3.33 (dt. 2H), 3.20 (dt. 
IH), 3.82 (dt. IH), 2.00-1.63 (m. 4H). 1.61 (s, IH), 1.58 (s. 5H). 
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EXAMPLE 35 

Step A: N-( 1 (R)-[(l ,2-Dihydro-l -l^ifluo^omelh2mernelhaIlesulfonyl- 
spi^o[3H-indole-3,4•-pipe^din]-^-yl)ca^bonyl]-2- 
^ (phenylrneihyloxy)ethyl]-II(l,l-dinieihyIeihyloxy)- 

carbonvnaminol'2-methvlpropanamide hydrochloride 
To a solution of 0.150 g the iniermediate from Step B of 
Example 29 in 5 mL of dichloromethane was added 0.10 mL of N- 
melhylmorpholine and 0.057 mL of irifluoromeihanesulfonic anhydride 
ajid stirred at O^C for 15 min. The reacrion mixture was diluted with 5 
mL of sanjraied aqueous sodium bicarbonate solution and extracted with 
2X5 mL of dichloromethane. The combined organics were washed with 
brine (5 mL). dried over MgS04 and concentrated. Flash 
chromatography of the residue over 10 g of silica gel with hexane- 
acetone (3:1) as elueni gave 0.136 g of the desired product. 
IH NMR (400 NWz, CDCI3) 5 7.40-7.15 (m, 6H), 7.15-6.93 (m, 
21/2H),6.53 (d, 1/2H), 5.20-5.10 (m, 1H),4.90 (bs. IH), 4.70-4.60 (m, 
3H). 4.15-3.90 (m. 3H), 3.70 (ddd, IH), 3.60-3.50 (m, IH), 3.00 (dt, 
IH), 2.70 (di, IH), 1.93-1.55 (m, 4H), 1.46 (s, 4H), L43 (s, 2H), 1.40 
(s. 9H), 



15 



20 



Step B: N-1 l(R)-l(L2-Dihydro-l-trifluorome^hanesulfonyI- 
spiro[3Hondole-3,4*-piperdin]J-^-yl)carbonyl]-2- 
(phenYlmeihyloxy)ethyl]-2-amino-2-meihylpropanamide 

hydrochloride 

To a solution of 0.136 g the above intermediate in 1 mL of 
dichloromethane was added 1.0 mL of trifluoroacetic acid and 
maintained at RT for 30 min. The reaction mixture was evaporated to 
drNTiess, basified with 10% aqueous sodium carbonate solution (5 mL). 
and extracted with eihylacetate (2X5 mL). The combined organics were 
washed with brine (5 mL). dried over potassium carbonate, and 
concentrated. This material was dissolved in 2 mL of ethyl acetate and 
0.20 mL of 4M HCl in EtOAc was added at O'^C. Ether was added and 



30 
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the precipitate was filtered under nitrogen and washed with ether and 
dried 10 give 0.94 g of the produci as a while solid. 
]H NMR (400 ^4H2, CD3OD) 5 7.40-7J5 (m;6H). 7.15-6.93 (m. 
21/2H), 6.53 (d, 1/2H), 5.20-5.10 (m, IH), 4.90 (bs, IH), 4.70-4.60 (m, 
3H), 4,15-3.90 (m, 3HX 3.70 (ddd. ]H), 3.60-3.50 (m, IH), 3.00 (dt, 
IH), 2.70 (dt, IH), 1.93-1.55 (m, 4H), 1.46 (s, 4H), 1.43 (s, 2H). 

EXAMPLE 36 

° Step A: N-Il (RM(1 .2.Dihydro-l -benzenesijlfonyl-spiro(3H-indole- 
3,4'-piperdin]-r-yl)carbonyl]-2-(phenyImeihyloxy)eihyl)- 

2-amino-2-methylpropanamide hydrochloride 

To a solution of 0.148 g the iniermediate from Step B df 
Example 29 in 3 mL of dichloromethane was added 0.30 mL of N- 
^ meihybnorpholine and 0.022 mL of benzenesulfonyl chloride and 
stirred at room temperature for Ih. The reaction mixture was diluted 
with 10 mL of dichloromethane and washed udth 10 mL of saturated 
aqueous sodium bicarbonate solution, dried over MgS04 and 
concentrated. Flash chromatography of the residue over 10 g of silica 
^ gel with hexane-aceione (3:1) as eluent gave 0.190 g of the desired 
product. 

To a solution of 0.190 g the above iniermediaie in 3 mL of 
dichloromethane was added 3 mL of trifluoroaceiic acid and maintained 
at RT for 30 min. The reaction mixture was evaporated to dr>'ness, 
basified with 10% aqueous sodium carbonate solution (5 mL), and 
extracted with ethylacetate (2X5 mL). The combined organics were 
washed with brine (5 mL), dried over potassium carbonate, and 
concentrated. This material was dissolved in 2 mL of ethyl acetate and 
0.40 mL of 4M HCl in EtOAc was added at OX. Ether was added and 
the precipitate was filtered under nitogen and washed with ether and 
dried to give 0.136 g of the produci as a white solid. 
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IH NMR (400MHz, CD3OD) 8 7.82 (d, 2H). 7.67-7.58 (m, 2H), 7.52 (i, 
2H). 7.40-7.20 (m, 6H). 7.10-6.90 (m. 1 1/2H), 6.68 (d, J/2H), 5.10 (di, 
IH), 4.53 (ABq. 2H), 4.35 (t. IH), 4.00-3.80 (m, 3H). 3.75-3.65 (m. 
2H), 3.10 (dl. IH), 2.73 (dt, IH), 1.75 (dt, 1/2H), 1.48 (m, 1 1/2H). 
1.20-1.05 (ra. 2H). 

EXAMPLE 37 

Sicp A: N-1 1 (R)-[(l ,2-Dihydro-l 1 -ureidomeihyl-spiro[3H-indole- 
3.4'-p)perdin]- 1 '-yl)carbonyI]-2-(phenylmethyloxy)eihyl]- 

2-amino-2-meihvlpropanamide mfluoroaceiate 

To a solution of 0.148 g the intennediate from Step B of 
Example 29 in 5 mL of 1,2-dichloroethane was added 0.10 mL of 
meihylisocyanate and siined at RT for 1 h. The reaction mixture was 
evaporated to dn-ness. Flash chromatography of the residue over 15 g 
of silica gel with CH2Cl2-aceione (2:1) as eluem gave 0.137 g of the 
desired product. 

This material was treated with 3 mL of dichloromethane 
and 3 mL of trifluoroacetic acid for 30 min. at RT. The reaction 
mixture was evaporated to drNTtess and triturated with ether to give 
0.126 g of a pale yellow .solid. 

IH NMR (400MHz, CD3OD) 5 7.82(dd, IH), 7.42-7.35 (m, 5H). 7.30- 
7.20 (m, 21/2H), 6.75 (d. 1/2H). 5.19 (dt, IH), 4.60-4.50 (m, 3H). 4.13 
(bd, IH), 3.90-3.68 (m. 4H), 3.25 (t. IH), 2.90-2.70 (2s. 4H), 1.98 (dt, 
1/2H), 1.85-1.65 (m, 31/2H), 1.62 (s, 2H), 1J9 (s, 4H). 

EXAMPLE 38 

N-1 1 (R)-(( 1 ,2-Dihydro-l -| 1 -meihoxycarbonyl-1 -meihyl-eihanesulfonyl- 
spirol3H-indole-3,4'-piperdin]-r-yl)carbonyl]-2-(indol-3-yl)eihyl]-2- 
amino-2-methvlpTOpanamide trifluoroacetate 

Step A: 1 .2-Dihydro-l-( 1 -methoxycarbonyl-I -meihyl-ethane- 

sulfonvn-spirof3H-indole-3.4'-piperdine] 
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To 5.06 g of l,2-Dihydro-l-ben2yloxycarbonyl-spiro(3H- 
indole-3,4'-piperdine] hydrochloride in 50 mL of dichloromeihane was 
added 3.0 mL of triethyJamine and 3.40 g of di-t*buiylcarbonaie and 
siiired ai room lemperaiure for 3h. The reacrion mbcrure evaporated lo 
dr}7)ess and diluted with ]00 mL of ether and washed with 50 mL of 
0.50N aqueous hydrochloric acid, 50 mL of brine, dried over MgS04 
and conceniraied. To this crude product in 50 mL of eihanol was added 
Jg of 20% palladium hydroxide on carbon and hydrogenated with H2 
balloon overnight. To 0.506 g of this compound in 15 mL of 
dichloromethane at 0°C was added 0.74 mL of iriethylamine and 0.4 J 
mL of carbomeihoxymethanesulfonyl chloride and stirred for Ih, The 
reaction mixture was diluted with 25 mL of eiher and washed with 
saturated sodium bicarbonate solution (20 mL), dried over MgS04, and 
concentrated. Flash chromatography of the residue over 25 g of silica 
gel with hexane-ethyl acetate 4:1 as eluem gave L79 g of ihe desired 
material as a thick oil. 

Sodium hydride (0.102 g of 60% in mineral oil) was 
washed with hexanes and then suspended in 5 mL of dry DMF. A 
solution of 0.158 g of the above intermediate in 1 mL of DMF was 
added and stirred for 30 min. Methyl iodide (1.85 mmol) was added 
and stirred for 3h. The reaction mixture was poured into J 5 mL of 
samrated aqueous ammonium chloride solution and extracted with ether 
(2X15 mL). The combined oiganics were washed with water (15 mL), 
brine (15 mL). dried over MgS04 and concentrated to give 0.179 g of 
the desired material. 

1 H NMR (200 MHz, CDCI3) 5 7.32 (d, IH), 7.20-6.90 (m, 3H). 4.13 
(bd, 2H), 2.83 (bt, 2H), 1.85-1.70 (m, 4H), 1.69 (s, 6H), 148 (s, 9H), 



15 



30 



Step B: N-[ 1 (R)-l( 1 ,2-Dihydro-[ 1 -methoxycarbony U 1 -methyl- 
ethanesulfonyll-spirol3H-indole-3,4''piperdinl-r- 
yI)carbonyI]-2-(indol-3-yl)ethyl]-I((Ll-dimethylethyloxy)- 

carbonvllamino1-2>methvlpropanam]de 

To a solution of 0.179 g of the imemiediaie from Step A 

was added 1 mL of dichloromethane and 1 mL of trifluoroacetic acid 
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and siined for 30 min. The reaciion mixture was evaporated to 
drjuess, basified with 10 mL of 10% aqueous sodium carbonate solution 
and extracted with 2X10 mL of dichloromethane* The combined 
organics were washed with brine (10 mL), dried over potassium 
^ carbonate, filtered, and concentrated to 0.120 g of the piperidine as a 
thick oil. To a solution of this compound in 5 mL of dicbloromethane 
was added 0.132 g of the acid intermediate prepared in Example 21 Step 
B, 0.055 g of HOBT, 0.102 g of EDC and siined for 18h. The reaction 
mixture was diluted with 25 mL of ether and washed with 15 mL of 
0.05N HCl, saturated sodium bicarbonate solution (15 mL), dried over 
MgS04 and concentrated. Flash chromatography of the residue over 20 
g of silica gel with CH2Cl2-acetone (5:1) as eluent gave 0.094 g of the 
desired product. 

IH NMR (CDC13. ^OOMHz) 5 8.60 (s, 2/3H). 8.50 (s, 1/3H), 7.70 (d, 
^5 2/3H). 7.60 (d, 1/3H), 7.35 (d. 2/3H), 7.30 (d, 1/3H), 7.26-7.00 (m, 
5H), 6.90 (t, 1 1/3H), 6.40 (d, 2/3H), 5.28-5.16 (m. IH), 5.05 (bs, IH), 
4.41 (bd, 2/3H), 4.32 (bd, 1/3H), 3.78-3.65 (m, 2H), 3.56 (s. 2H), 3.55 
(s, IH), 3.50 (bd, IH), 3.20 (dt, IH), 3.15 (ddd, IH), 2.75 (i, IH), 2.42 
(m, IH), 1.18 (d, 2H), 1.24 (s, 4H), 1.50 (s, 2H), 1.48 (s, 4H). 1.42 (s. 
9H). 1.30-1.18 (m, IH), 1.10-0.90 (m, 11/3H). 0.03 (dt, 2/3H). 



20 



Step C: N-[ 1 (R)-I( 1 ,2-Dihydro-1 1 -methoxycarbonyl- 1 -methyl- 
ethanesulfonyl]-.spiro(3H-indole-3,4'-piperdin]-r- 
yI)carbonyI]-2-(indol-3-yOethyl3-2-amino-2-methyi- 

propanamide irifluoroacetate 

A solution of 0.094 g of the intermediate from Step C was 
treated with 1 mL of dicbloromethane and 1 mL of trifluoroacetic acid 
for 30 min., evaporated to dr^'ness and triturated with ether to give 
0.082 g of the desired product. 
30 IH NMR (CD3OD. 400MHz) 5 7.70 (d, 2/3H), 7.60 (d, 1/3H), 7.35 (d. 
2/3H). 7.30 (d, 1/3H), 7.26-7.00 (m, 5H), 6.90 (t, 1 1/3H). 6.40 (d, 
2/3H), 5.28-5.16 (m. IH). 5.05 (bs, IH), 4.41 (bd. 2/3H), 4.32 fbd, 
1/3H). 3.78-3.65 (m. 2H). 3.56 (s. 2H), 3.55 (s, IH), 3,50 (bd, IH), 3.20 
.(dt. IH). 3.15 (ddd. IH). 2.75 (t, IH). 2.42 (m, IH), 1.18 (d. 2H). 1.24 
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(s. AH), J.50 (s. 2H). 1.48 (s. 4H). J.30-J.18 (m. IH), 1.10-0.90 (m, 
11/3H),0.03 (dl,2/3H). 

EXAMPLE 39 

s 

N-[ J (R)-((] ,2-Dihydro-] -meihanesu]fonylspiroI3H-indole-3,4'- 
piperdin]-r-yl)carbonyl]-2-(indol-3-.vJ)eihyl]-3-amino-3-methyl- 
butanamide hydrochloride 

Step A: N-(l(R)-[(1.2-Dihydro-l-meihanesulfonylspiro(3H-indole- 
3, 4 '-piper din]- 1 •-yl)carbonyl3-2-(indol-3-yl)eihyl].3- 

amino-3-inethvlbuianamide 

To a suspension of 1.14 g of 1,2-dihydro-l -methane- 
suIfonylspiro-[3H-indoIe-3,4'-piperidine] hydrochloride (prepared as 
described in Step A of Example 18 (method 1)) in 50 mL of 
dichloromethane was added O.RO mL of N-methylmorpholine, 1.00 g of 
N-iBOC-D-ii7piophan, 0.80 g of HOBT, and 1.20 g of EDC and stirred 
at RT for 18h. The reaction mixrure was diluted wiih 100 mL of ether 
and washed with 50 mL of 0.05N HCl, 50 mL of saturated sodium 
bicarbonate solution, dried over MgS04, and concentrated, 

A soluiion of ihe above inieimediaie in 50 mL of eihyJ 
aceiaie at O^C was ireaied wiih HCl (g) for 2 min. and then stirred for 
Jh. Dry eiher (50 mL) was added, and the precipitated solid wa^ 
collected by filtration. The yield was J ,44 g. 

25 

To 0.86 g of the amine hydrochloride in 30 mL of 

dichloromeihane was added, 0.24 mL N-meihylmorpholine, 0.36 g of 

HOBT, 0.56 g of EDC, and stirred overnight. The reaction mixture 

was diluted with 100 mL of ether, and washed with 0-05N HCl (50 mL), 

50 mL of saturated NaHC03, dried over McS04, and conceniraied. 
30 *^ 

Flash chromatography of the residue over 20 g of silica gel with 
CH2Cl2-acetone (5:1) as the elueni gave 0.74 g of the desired product. 

To a solution of 0.74 g of the above imemiediate in 5 mL 
of ethyl acetate at 0°C was bubbled in dry HCl gas for 2 min, and 
stirred for 30 min. Ether was added to completely precipitate the 
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product. The solid was filiered aud washed with ether under nitrogen, 
and dried to give 0.57 g of the desired product. 
IH NMR (CD3OD. 4OOMH2) 5 7.69 (d. 2/3H). 7.55 (d, 1/3H). 7.37- 
6.90 (m, 5H), 6.82 (bi. 1 1/3H). 6.43 (d. 2/3H). 5.31-5.18 (m, IH), 4.40 
^ (bd, 2/3H). 4.30 (bd. 1/3H). 3.63-3.38 (m, 4H), 3.22-3.05 (m, 2H), 
2.83-2.75 (m. IH), 2.80 (s, IH), 2.74 (s, 2H), 2.63 (dd, IH). 2.55-2.43 
(m. 2H), 2.20 (bd, IH), 1.70-1.53 (m, IH). 1.38 (2H). 1.36 (s, 2H). 1.35 
(s, IH), 1.34 (s, IH), 1.18 (bd, IH), 1.20-0.94 (m, 11/3H),0.03 (dl, 
2/3H). 

10 

EX.A^MPLE 40 

N-1 1 (R)-l(l ,2-Dihydro-l -methane.sulfonyl.spiro(3H-indole.3,4'- 
piperdin]- 1 '-yl)carbonyl]-2-(jndol-3-yl)ethyl)-[3-[2(R)-3- 
dihydroxylpropvll-aTninol-3-methvlbutanamide hydrochloride 

Step A: N-[ 1 (R>[(1 ,2-Dihydro-l -methanesulfonylspiro|3H.indole- 
3,4'-piperdin]-r-yl)carbonyl]-2-(indol-3-yl)ethyl].[3-I2(R)- 
3;dihydroxylpropyl]-amino]-3-methylbutan amide 

20 hydrochloride 

To a solution 0.30 g of the compound obtained in Step B of 
Example 39 in 5 mL of dry methanol wa.s added 1 .5 g of anhydrous 
.sodium acetate, 0.30 g (R)-l,2-isopipylidene-glyceraldehyde 
(Teiraheclron 1985, 4/, 31 17) and stirred for Ih. A THF solution of 
25 sodium cyanoborohydridc (8.7 mL of IM solution) was added and 

stirred for IRh. The reaction mixture was diluted with 20 mL of water 
and extracted with dichloiomethane (3X10 mL). The combined 
organics were washed with saturated sodium bicarbonate solution (10 
mL), dried over K2CO3, and concentrated. Flash chromatography of 
30 ihe residue over 10 g of silica gel with CH2Cl2-methanol (98:2) gave 
0.146 g of the reductively aminated compound. 
IH NMR (CDCI3, 400MHz) 6 8.70-8.40 (m. 2H). 7.63 (d, 2/3H). 7.55 
(d, 1/3H). 7.37 (t, IH), 7.32 (d, 1/3H). 7.28 (d. 2/3H), 7.20-6.95 (m. 
41/3H). 6.52 (d, 2/3H), 5.20-5.08 (m, IH), 4.55-4.24 (m. 3H). 4.10 (l. 
2/3H). 4.05 (!. 1/3H). 3.80-3.70 (m. IH). 3.70-3.50 «m. 4H), 3.30-3.10 
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(m, 2H). 2.84 (s, IH). 2.80 (s, 2H), 2.80-2.70 (m. 2H). 2.68-2.45 (m. 
IH), 2.37 (s, 2H). 1.70 (t. 2/3H), 1.52 (bd, 1/3H), 1.44 (s, 2H), 1.43 (s, 
IH), 1.35 (s, 2H), 1.33 (s, IH), 1.25 (s, 3H). i.33 (s, 6H), 1.20-1.05 (m. 
2H), 0.90-0.65 (m, I/3H). 0.30 (dt, 2/3H). 

5 

SiepB: 

A solution of 0.146 g of the above inienmediaie was !?iinred 
in 3 mL of methanol and 0.1.00 mL of conceniraied hydrochloric acid 
for 30 min. The reaciion mixture was evaporated to dryness and the 
^° solid was washed mih ether and dried to give 0,109 g of the desired 
material. 

1 H NMR (400MHz, CD3OD) 5 7.63 (d, 2/3H). 7.55 (d. 1/3H). 7.41 (d. 
2/3H), 7.38 (d. 1/3H). 7.32 (d, 1/3H). 7.26 (d, 2/3H), 7.21-7.10 (m, 
4H), 7.08-7.00 (m, 21/3H), 6.63 (d, 2/3H), 5.25 (dd, 2/3H). 5.19 (dd. 
1/3H), 4.36 (bd, 2/3H), 4.30 (bd, 1/3H), 3.92-3.83 (m, IH), 3.80-3.50 
(m. 6H), 3.28-3.10 (m, 3H), 3.05-2.95 (m, 2H), 2.90 (s, IH), 2.86 (s, 
2H), 2.78-2.55 (m. 4H), 1.83-1.65 (m, IH), 1.43 (s, 2H), 1.39 (s, 2H). 
1.37 (s, IH). 1.32 (s, IH). 1.36-1.20 (m, IH), 0.04-0.1 8(m. 22/3H), 
-0.08 (dt. 2/3H). 

20 

EXAMPLE 41 

N-I l(R)-((1.2-Dihydro-l-meihanesulfonylspiro[3H-indole-3,4'- 
piperdin]-r-yl)carbonyl)-2-(iTidol-3-yl)eihyl3-[3-|2(R)-hydroxylpropyl]- 
amino1-3-methvlbutanamide hvdrochloride 

Step A: N-( 1 (R)-{(1 ,2-Dihydro- 1 -methanesulfonylspirol3H-indole- 
3.4'-piperdin].l'-y!)carbonyl]-2-(indol-3-yl)eihyl]-l3-[2(R)- 
hydroxylpropyl]-amino]-3-methylbuian amide 

hvdrochloride 

To 0.26 g of the intermediate from Step B of Example 39 

was added 5 mL of dr>' methanol. 1 .5 g of anhydrous sodium acetate. 

freshly prepared 0.10 g of 2(R)-(tetrahydropyranyl)oxy-propion- 

aldehyde and stirred for Ih at room temperature. A THF solution of 
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sodium cyanoborohydride (R.5 mL of 1 M solution) was added and 
stirred for 18h. The reaction mixture was diluted with 10 mL of 
saturated sodium bicarbonate solution and extracted with 
dichloromeihane (2X15 mL). The combined organics were washed 
5 with brine (10 mL), dried over K2CO3, and concentrated. Flash 
chromatography of the residue over 10 g of silica gel with CH2C12- 
methanol (98:2) as eluent gave 0.219 g of the desired product. 

The above material was srined in 3 mL of dry methanol 
with 0,10 mL of concentrated hydrochloric acid» evaporated to dryness, 
and the residue was triturated with ether to give 0.174 g of the title 
compound as a pale yellow foam. 

iH NMR (400MHz, CD3OD) 6 7.63 (d, 2/3H), 7,55 (d, I/3H), 7.41 (d. 
2/3H), 7.38 (d, 1/3H), 7.32 (d, 1/3H), 7.26 (d, 2/3H), 7.21-7.J0 (m, 
4H), 7.08-7.00 (m, 21/3H), 6.63 (d, 2/3H), 5.25 (dd, 2/3H). 5.19 (dd, 
^5 1/3H), 4.36 (bd, 2/3H), 4.30 (bd, 1/3H)» 3.92-3.83 (m. IH), 3.80-3.50 
(m. 4H), 3.28-3.10 (m, 3H). 3.05-2.95 (m, 2H), 2.90 (s, IH). 2.86 (s. 
2H). 2.78-2.55 (m, 4H), 1.83-1.65 (m, IH), 1.43 (s, 2H), 1.39 (s, 2H), 
1 .37 (s, 1 H), 1 .32 (s, 1 H), 1 .36- 1 .20 (m, 1 H). 1 .28 (d, 3HX 0.04-0. 1 8 
(m, 22/3H), -0.08 (dt, 2/3H). 

20 

EXAN4PLE 42 

N-l 1 (R)-lI3-oxospiro[isobenzofuran- 1 (3H),4*-piperidin]- 1 -yl]carbonyl]- 
2-(phenvlmethoxvlethvn-2'aminQ>2'meihv]propariamide trifluroraceiate 

25 

Step A: 

To 0.165 g of the acid intermediate prepared as described 
in Step B of Example 19 in 10 mL of CH2CI2 was added 0.095 g of 3- 
oxospiro{isoben2ofuran-l(3H),4^piperidjne]. 0.067 g of HOBT, and 
0.1 10 g of EDC and stirred at room lemperarure for 4h. The reaction 
mixture was poured into 10 mL of CH2CI2, and washed with 20% 
aqueous citric acid (5 mL), saturated sodium bicarbonate solution (5 
mL). dried over McS04- and concentrated. Flash chromatography of 
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ihe residue over 10 g of silica gel with hexane-aceione (3:1) as ihe 
eluent gave 0.234 g of the coupled product . 

To a solution of 0.024 g of the above iniermedjaie in I mL 
of CH2CI2 was added 1.0 mL of irifluoroaceiic acid and mainiained at 
room lemperarure for 30 min. The volaiiles were evaporated and the 
residue was triturated with ether to give 2 J mg of the title compound as 
a solid. 

iH NMR (CD3OD, 400MHz) 5 7.85 (d, I/2H),7,80 (d, 1/2H), 7.63 (t, 
1/2H), 7.54.7.40 (m, 21/2H), 7.35-7.20 (m, 51/2H), 7.06 (d, IH), 6.5R 
(d. 1/2H), 5.25-5.15 (m, IH), 4.93 (s. IH). 4.69 (bd, IH), 4.55-4.40 (m. 
2H), 4.14 (bd, IH), 3,70-3.40 (m, 2HX 3.JR-3.10 (m, IH), 2.13 (dt, 
IH). 2.90-2.75 (m, 2H), 2.70-2.50 (m, 2H), J. 47 (s, 1.5H). 1.46 (s, 
1 .5H), 1 .44 (s. 1 .5H). 1 .43 (s. J .5H),. 

EXAMPLE 43 

N-( 1 (R)-( 1 .2-dihydro- 1 -methanesulfonylspiro[3H-indole-3,4'-piperidin]- 
ryl)cajbony]]-4-phenylbuty]]-2-ajnino-2-meihylpropan amide 
hydrochloride 

Step A: N-1 1 (R)-[ J ,2-dihYdro- 1 -methanesulfonylspirol3H-indole- 
3,4'-piperidin]-ryl)carbonyl]-4-phenylbuiyl]-2-amino-2- 

methvlpropanamide hydrochloride 

This compound was prepared from 2(R)-N-t-buioxy- 

carbonyN5-phenylpeianoic and 1 ,2-dihydro- 1 -meihanesulfonylspirofSH- 

indole-3,4'-piperdine] hydrochloride using chemistry described for the 

preparation of compound in Example 18. 

FAB MS Calc. for C28H38N404S:MW = 526.2; found m/e = (m+1) 
527,9 
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EXAMPLE 44 

N-(l(R)-I1.2-dihydro-l-meihanesulfonylspiro[3H-indo]e-3,4*-piperidin]- 
J'yl)carbonyl]-2-phenyinethylihio)eihy]]-2-ainino-2-melhylpropanamide 
trifluoroacetate 

Siep A: N-[)(R).[l,2-dihydro-l-methanesulfony)spiro(3H-indole- 
3,4'-piperidin]- 1 'yl)carbonyl)-2-phenymethylthio)ethyl3-2- 

aTnino-2-Tnethvlpropanamide trifluoroacetate 

This compoimd was prepared from the commercially 
available N-t-BOC-S-benzyl-D-cysieine and 1,2-dihydro-l- 
methaj)esu]fonylspiro(3H-indole-3,4'.piperdineJ hydrochloride using 
chemistry described for the preparation of the compound in Example 
18. 

15 FAB MS Calc. for C27H36N4O4S2: MW = 544.7; found m/e = (m+1 ) 
548.5. 

EXAMPLE 45 

N-l KR.S)-! l,2-dihydro-^melhanesulfonylspiroI3H-indole-3.4•- 
2'' piperidin]-ryl)carbonyl]-2-(2'-pyridomeihyloxy)ethyl]-2-amino-2- 
methvlpropanamide trifluoroacetate 

Step A: N-[ l(R,S)-[1.2-dihydro-l-methanesulfonylspirof3H-indole. 

3,4'-piperidin3-ryl)carbonyl]-2-hydroxyl-caibamic acid 

^5 Ll-dimeihvleihvl ester 

To a solution of N-t-BOC-(D)-serine (56 mg, 274 mmole) 
in 2.5 mL of THF at room lemperature was added 1,2-dihydro-l- 
methanesulfonylspiro|3H-indole-3,4'-piperdine] hydrochloride 
(prepared from Example 1 8, Step A. 83 mg, 0.274 mmole), 

30 trieihylamine (45 mL. 0.33 mmole), HOBt (44 mg, 0.33 mmole), and 
EDC (63 mg, 0.33 mmole). After 3 hours, the mixture was diluted 
with ethyl acetate and then washed sequentially with water and brine. 
The organic layer was dried over sodium sulfate, filtered and 
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concenirated. The residue was purified by MPLC (silica gel, 100% 
eihyl acetate) to give 1 12 mg (90%) of the title compound. 

Siep B: N-[l(R,S)-[l,2-dihYdro-] -meihanesulfonylspiro[3H-indole- 
3,4'-piperidiii]- 1 'yJ)carbonyl]-2-(2'-pyridomeihyloxy)ethyl) 

carbamic acid 1 .1-dimethyleihvl ester 

To oil free sodium hydride (prepared from 60% oil 
dispersion of sodium hydride by washing with hexanes (3X), 9 mg, 0.21 
mmole), in 0.3 mL of THF was added 2-picoIyl chloride (16 mg, 0.1 
mmole) in 0.3 mL of DMF. Afier 5 minuies, the intemiediate obtained 
from Step A (45 mg, 0.1 mmole) was added to the reaction mixture. 
The mixrure was stirred at room temperature for two hours and then 
diluted with ether. The ether layer was washed with water (5X), brine 
and dried over sodium sulfate. After purification (Preparative-TLC, 
silica gel, 100% ethyl acetate), 16 mg of the title compound was isolated 
(29%). 

iH NMR (400 MHz, CDCI3, mixture of rotamers): 8.53 (m, 1 H), 7.77- 
6.R3 (m. 7 H), 5.75 (m, 1/2 H), 4.98 (m, 2 H). 4.67 (m, 2 1/2 H), 4.25 
(m. i/2 H), 4.10 (m, 1/2 H), 3.91-3.67 (m. 4 H), 3.J7 (m, 1 H). 2.91 (s, 
3/2 H), 2.89 (s, 3/2 H), 2.79 (m. 1 H), 1.95-1.69 (m, 4 H), 1.42 (s, 9/2 
H), 1.41 (s,9/2H). 
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Step C: N-ll(R,S)-ll,2-dihydro-l-methanesulfonylspiro|3H-indole- 
3.4'-piperidin)-ryl)carbonyl]-2-(2'-pyridomethyloxy)- 
ethvll-2-amino-2-metbylpropanamide trifluoroacetate 
A solution of the intermediate obtained from Step B (16 
mg, 0.029 mmole) in 0.5 mL trifluoroacetic acid was stirred at room 
temperanire for 1/2 hour and then concentrated. To a solution of this 
residue in 1 ml chloroform was added t-butyloxycarbonyl-a- 
methylalanine (6.5 mg, 0.032 mmole). HOBt (4.3 mg, 0.032 mmole), 
triethylamine (10 ml. 0.064 mmole). and EDC (6 mg, 0.032 mmole). 
After 12 hours at room temperamre. the mixture was diluted with 
methylene chloride and then \yashed with water and brine. The organic 
layer was dried over sodium sulfate, filtered and concentrated. The 
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residue was purified by Preparaiive-TLC (silica gel, 100% ethyl 
acetate). The purified compound was concentrated. To the residue wa.s 
added trifluoroacetic acid at room temperature. After 1 hour, the 
mixture was concentrated to give the title compound (5.3 mg). 
iH NMR (400 MHz, CD3OD, mixnire of roiamers): 8.70 (br. s, 1 H), 
8.30 (m. 1 H), 7.84 (m. 1 H), 7.77 (m, 1 H), 7.36 (m, 1 H), 7.24 (m. J 
1/2 H), 7.06 (m, J 1/2 H). 5.24 (t, 6 Hz. 1 H). 4.86 (m, 2 H). 4.56 (d, 13 
Hz, I H), 4.08 (m, J H). 3.95 (m, 4 H). 3.36 (m, 1 H), 2.97 (s. 3/2 H), 
2.96 (s, 3/.2 H), 2.0M.78 (m, 4 H). 1.63 (s, 3/2 H), 1.61 (s, 3/2 H). 
1.59 (s. 3/2 H), 1.58 (s, 3/2 H). 
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EXAMPLE 46 

N-1 1 (R,S).[ 1 ,2-dihydro- 1 -methanesulfonylspiroI3H-indole-3,4'- 
piperidin]-ryl)carbDnyl]-2-(2'-pyridothio)ethyl]-2-aTOino-2- 
methvlpropanamide trifluoroaceiate 



Siep A: N-ll(R,S)-(] ,2-dihydro-] -meihanesulfonylspiro[3H-indole- 
3,4'-piperidin]-ryl)carbonyl)-2-(2'-pyridothio)eihyl] 

carbamic acid l.l-dimethvlethvl ester . 

To oil free sodium hydride (600 mg, 7.5 mmole) 
suspension in 20 mL DMF was added N-i-BOC-D-cysteine (1.2 g, 5.4 
mmole) in 20 mL DMF at -lO^C. The mixture was warmed to room 
temperature and stirred for addition an hour. A solution of 2- 
brompyridine (0.514 mL, 5.4 mmole) in 10 mL DMF was added 10 the 
reaction mi;<mre. After heating for 20 hours at SO^C. To this reaction 
mixture was added Cul (1.03g, 5.4 mmole) and siined at the same 
temperature for another 20 hours. The mixture was cooled to room 
temperature and poured into 0.5 N hydrochloric acid and extracted with 
ether. The ether layer was filter though Celite, dried over sodium 
sulfate and concentrated. The residue was purified by MPLC (silica gel. 
methylene chloride/meihanol=:10/l). To the purified compound (170 
mg. 0.57 mmole) in methylene chloride was added 1,2-dihydro-l- 
meihanesulfonylspiro(3H-indole-3.4'-piperdine] hydrochloride 
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(prepared from Example 18, Step A, 172 mg, 0.57 mmole), 
iriethylamine (95 mL, 0.68 mmole), HOBi (92 mg, 0.68 mmole), and 
EDC (130 mg, 0.68 mmole) and reacted according to the procedure 
described in Example 45, Step A to give the title compound (310 mg, 
99%). 

Step B: N-[ 1 (R ,S>[ 1 ,2-dihydro- 1 -meihanesulfonylspiro[3H-indole- 
3,4'-piperidin]-l yl)carbonyl]-2;(2*-pyridothio)ethyl]-2- 

amino-2>methv]propajiamide trifluoroacetate 

Prepared from the intermediate obtained from Step A (290 

mg, 0.53 mmole) by the TPA deprotection procedure. This gave the 

title compound (102 mg). 

iH NMR (400 MHz, CD3OD, mixture of rotamers): 8.45(dd, 5, 1 Hz, 1 
H), 7.61 (m, 1 H), 7.39-7.05 (m. 6 H), 5.27 (m, 1 H), 4.52 (t, 12 Hz, 
2H), 4.01 (m, 3 H), 3.80 (m, 1 H), 3.45 (m, 1 H), 2,98 (s, 3 H), 2.90 
(m, 1 H), 2.10-1.79 (m, 4 H), 1.63 (s, 3/2 H), 1.60 (s, 3/2 H), 1.59 (s, 
3/2 H), 1.58 ( s, 3/2 H). FAB-MS: 532.7 (M+1). . 

EXAMPLE 47 

N-( 1 (R,S)-1 1 ,2-dihydro- 1 -meihanesulfonylspiroI3H-indole-3,4'- 
piperidin]- 1 'yl)carbonyl]-2-(cyclohexy lihio)ethyl]-2-amino-2- 
methvlpropanamide trifluoroacetate 

Step A: N't-Boc-cvclohexvlcvsteine 

To a solution of cyclohexylmercapian (1 mL, 8.18 mmole) 
and methyl 2-aceiamidoacr>'late (1.29 g, 9 mmole) in THF was added a 
catalytic amount of sodium hydride at room temperature. After 7 days, 
the reaction was concentrated. A solution of the residue in 20 mL 6 N 
hydrochloric acid was refluxed for 4 hours and cooled to room 
temperanjre. The resulting solution was allowed 10 stand for 12 hours 
and filtered. The solids were dried under vacuum. To a mixture of this* 
hydrochloric acid sah in I N sodium hydroxide solution (15 mL) was 
added di-t-buiyl dicarbonate (1.68 g. 7.7 mmole) in 15 mL L4-dioxane. 
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Afier 12 hours, the mixmre was poured in!o 0.5 N hydrochloric acid 
and exiracied wiih ethyl acetate. The orgajiic layer was washed with* 
water, brine and dried over sodium sulfate. After filtration and 
concentration, the title compound was isolated in 92% yield (2.23 g). 

5 

StepB: N-[l (R,S)-I1 ,2-dihydro-J -meihanesulfonylspirof3H-indole- 
3,4'-piperidin]-ryI)carbonyl]-2-(cyclohexylthio)eihyl) 

carbamic acid Ll>dimethvlethvl ester 

Prepared from the intermediate obtained from Step A (303 
^ ^ mg, 1.0 mmole) by the procedure described in Example 45, Step A to 

give the title compound (420 mg) in 76% yield. 

Step C: N-[ 1 (R,S)-11 ,2-dihydro-l •m€lhanesulfonylspiro[3H-indole- 
3,4'-piperidin]-^yl)ca^bonyl]-2-(cyclohexylthio)ethyl] -2- 
{[(!,] -dimethyleihyloxy)carbonyl]amino]-2-methyl- 

propanamide 

A solution of the intemiediaie obtained from Step B (420 
mg, 0.76 mmole) in 5 mL irifluoroaceiic acid was stirred at room 
temperature for 1/2 hour and then concentrated and dried. To a 
solution of this residue in 10 mL chloroform was added t-butyloxy- 
carbonyl-a-meihylalanine (170 mg, 0.84 mmole), HOBt (1 13 mg, 0.84 
mmole), iriethylamine (1 16 mL, 0.84 mmole), and EDC (160 mg, 0.84 
mmole). After 12 hours at room temperature, the mixture was diluted 
with methylene chloride and washed with water and brine. The organic 
layer was dried over sodium sulfate, filtered and concentrated. The 
residue was purified by MPLC (silica gel, hexanes/eihyl acetate=l/l) to 
give the title compound (430 mg) in 89%. 

Step D: N-l 1 (R,S)-1 1 ,2-dihydro-I -methanesulfonylspiro[3H-indole- 
3,4*-piperidin]- 1 'yl)carbonyll-2-(cycIohexyhhio)ethyl].2- 

amino>2"methvlpropanamide trifluoroacetate 

A solution of the intermediate obtained from Step C (35 
mg, 0.055 mmole) in 0.5 mL trifluoroacetic acid was stirred at room 
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lemperanire for 1/2 hour and then concenirated to give the title 
compound (33 mg). 

iH NMR (400 MH2, CD3OD, mixture of rotamers): 7.38 (d, 8 Hz, 1 
H). 7.25-7.17 (m. 2 H), 7.06 (m. 1 H). 5.02 (m. 1 H). 4.52 (m. 1 H). 
5 4.1 1 (m. 1 H). 3.97 (m. 2 H), 3.39 (m, 1 H). 3.02 (m. 1 H), 2.98 (s. 3 
H), 2.90-2.71 (m, 3 H), 2.05-1.74 (m. 9 H), 1.62 (s. 3/2 H). 1.61 (s, 3/2 
H), 1.60 (s. 3/2 H). 1.57 (s, 3/2 H). 1.32 (m, 5 H). FAB-MS: 537.9 
(M+I). 

EXAMPLE 4R 

N-( 1 (R,S)-l 1 ,2-dihydro- 1 -methanesulfonylspiro[3H-indole-3,4*- 

piperidin]-ryl)carbonyl]-2-(cyclohexylsulfiny])ethyl]-2-amino-2- 
methvlpropanamide hydrochloride 
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To a solution of the intermediate obtained from Example 
47. Step C (35 mg, 0.055 mmole) in 1 mL methanol was added sodium 
periodate in 1 mL water at room lemperarure. After a couple of hours, 
ihe reaction mixture was diluted with ethyl acetate and washed with 
aqueous sodium sulfite solution. The organic layer was dried over 
sodium sulfate, filtered and concentrated. Deprotection of the residue 
by the trifiuoroacetic acid procedure (Example 47, Step D) gave the 
crude product, which was purified by Preparative -TLC (silica gel, 
methylene chloride/methanol/ammonium hydroxide=10/l/0.1). The 
purified product was re-acidified with HCl in ether to give the title 
compound (21 mg). 

NMR (400 MHz, CD3OD, mixture of diasiereomers and rotamers): 
7.38 -7.04 (m, 4 H), 5.43 (m, 1 H), 4.50 (m. I H), 4.05 (m, 1 H), 3.96 
(m, 2 H), 3.38 (m, 1 H). 3.13 (m, 1 H), 2.98 (s, 3 H), 2.90-2.71 (m, 3 
H), 2.05- 1 .74 (m, 9 H), 1 .62 (m, 6 H), 1 .5 1 -1 .32 (m, 5 H). FAB-MS: 
30 553.9 (M-H). 
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EXAMPLE 49 

N-|](R,S)-[l,2^dihydro-l-meihanesu]fonylspiro[3H-ind^^^^ 
piperidin]- 1 yl)carbonyl]-2-(cyclohexylsulfonyl)eihyl]-2-aniino-2- 

^ methvlpropanamide hydrochloride 

To a solunon of ihe inienmediaie obtained from Example 
47, Siep C (35 mg, 0.055 mmole) in 1 mL methanol was added OXONE 
in 1 mL water at room temperature. After a* couple of hours, the 
reaciion mixture was diluted with eihyl acetate and washed with aqueous 
sodium sulfite solution. The organic layer was dried over sodium 
sulfate, filtered and concentrated. To the residue was added 
trifluoroaceiic acid by the procedure described in Example 47, Step D 
to give a crude product, which was purified by preparative -TLCCsilica 
gel, methylene chloride/methanol/ammonium hydroxide=l 0/1/0.1). The 
purified product was re-acidified with HCl in ether to give the title 
compound (12 mg)- 

iH NMR (400 MHz, CD3OD, mixnire of rotamers): 7.36 (dd, 7, 2 Hz. 
1 H), 7,22 (m, 2 H), 7.06 (m, 1 H), 5.53 (m, 1 H), 4.51 (m, 1 H), 4.1 1 
(m, 1 H), 3.95 (m, 2 H), 3.49 (m, 2 H), 3.38 (m, 1 H), 3.10 (m, 1 H), 
20 2.98 (s, 3/2 H), 2.97 (s, 3/2 H), 2.91 (m, 1 H), 2.20-1.74 (m, 9 H), 1.62 
(s, 3/2 H), 1.61 (s, 3/2 H), 1.58 (s, 3/2 H), L57 (s, 3/2 H), 1.5M.32 (m, 
5H). FAB-MS: 569.9 (M+1). 
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EXAMPLE SO 

N-(l(R)-[spiroIben2olb]ihiophene-3(2H),4'-piperidine]-r-yl carbonyI-2- 
indole>3-vlkthvl-2-amino-2>methvlpropanamide hvdrochloride 

Step A: 1 -((1 .1 -dimethylethoxy)carbonyl]-3-hydroxy-4-methylene- 

3.9 „ . 1 ,2-5.6>ietrahvdropvndine 

To a suspension/solution of meihyliriphenylphosphonium 
iodide (30 g, 74 mmolc) in 150 mL of THE was slowly added 
buiyllithium (2.5 N, 25.5 mL, 63.7 mmole) at O^^C. After stirring an 
hour at room temperature, N-i-BOC protected 4-piperidone (prepared 
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from 4-piperidone monohydraie hydrochloride by the procedure 
described in Protective Groups in Organic Synthesis T, W. Greene, 
John Wiley and Sons. NY. 1981.) in 50 mL of THF was added to 
reaction mixture at room temperature slowly. This reaction was stirred 
for 2 hours and filtered. The filtrate was concentrated and purified 
(NIPLC, silica gel, hexanes/ethyl aceiate=10/l.) to give the Wittig 
product (7.9 g) in 82% yield. 

To a suspension of selenium dioxide/silica gel (prepared 
according to the procedure described in Chcm, lett, 1981, 1703) in 30 
mL methylene chloride was added t-butyl hydroperoxide (1.23 mL). 
After 15 minutes, the Winig product (0.72 g, 3.69 mmole) in 5 mL of 
methylene chloride was added. The cloudy solution was stirred for 3 
hours and filtered though Celiie. The filtrate was washed with watcr» 
brine and dried over sodium sulfate. The organic layer was 
concentrated and purified by flash chromatography (hexanes/elhyl 
acetate=4/l) to give the title compound in 52% yield (0.41 g). 

Siep B: 1-[(1 ,1 -dimethyleiJioxy)carbonYl]-4-chloromethyl-l, 2,5,6- 

tetrahvdropvridine 

The iniermediaie obtained from Step A (400 mg, 1.88 
mmole) was dissolved in 10 mL benzene and ihionyl chloride (165 ml, 
2.26 mmole) was added and heated to 60X for 25 minutes. The 
resuhing mixture was poured into NaHC03 (aq.) and extracted with 
ether. The ether layer was dried over magnesium sulfate and 
concentrated to give title compound (333 mg, 77%). 

Step C: l-((lJ-dimethylethoxy)carbonyl]-4-[l(2-bromophenyl)- 

thiolmethvM.2,5.6-tetrahvdropvridine 

The intermediate obtained from Step B (330 mg, 1.43 
nunole) was dissolved in 10 mL of acetone and 2-bromothiophenol (172 
ml, 1.43 mmole) and potassium carbonate (390 mg, 2.86 mmole) were 
added. The reaction mixture was heated to 60^C for an hour and then 
filtered though silica gel (100% ether). The organic layer was 
concentrated and purified by flash chromatography (silica cel. 
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hexanes/eihyl aceiate=JO/l) lo give the riile compound in 84% yield 
(460 mg). 

S«ep D: r-I(l,l-dimeihylethoxy)carbonyl]-spiro[benzo(b]ihio- 

phene-3-f2HVv'-piperdine 

The iniermediaie obtained from Step C (450 mg, 1.17 
mmole) was dissolved in 60 mL of benzene and AIBN (10 mg) and 
triburj'ltin hydride (644 mL, 2.39 mmole) were added. This mixture 
was refluxed for 2 hours and concentrated. The residue was dissolved 
in ether and bromine was added till the reaction solution turned to a ' 
brownish color. To this brcuaiish solution at room temperature was 
added DBU (650 mL) in dropwise manner. The resulting cloudy 
solution was filtered though silical gel and washed with ether. The 
ether solution was concentrated and the residue was purified by radial 
chromatography (silic £el, hexanes/ethyl acetates 10/1) to give title 
compoiuid (157 mg) in 43% yield. 

Step E: N-l 1 ( 1 R)-|spiro|ben2o[b]thiophene-3(2H), y'-piperdinej- 1 *- 
yl)carbonyl]-2-(indole-3-yI)ethyl]-2-amino-2- 

methvlpropanamide hydrochloride 

A solution of the intermediate obtained from Step D (50 
mg, 0.164 mmole) in 0.5 mL of TFA was stirred at room temperature 
for 1/2 hour and then concentrated. The residue was diluted with 
chlorofomn and washed with NaHC03 (aq.). The organic layer was 
dried over sodium sulfate, filtered and concentrated to give free amine 
(32 mg) in 95%. A solution of free amine (5.1 mg. 0.025 mmole) in 1 
ml chloroform was added the intermediate obtained from Example 21 
Step C (9.2 mg, 0.0246 mmole), HOBt (4.0 mg, 0.0295 mmole) and 
EDC (5.6 mg, 0.0295 mmole) at room temperature. After 12 hours, 
the reaction was poured into water and extracted with chloroform. The 
chloroform layer was dried over sodium .sulfate, filtered and 
concentrated. The residue was purified by Preparative -TLC (silica gel. 
hexanes/ethyl acetate=l/l) to give a colorless foam (13 mg. 94%). The 
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title compound was obtained from this colorless foam according to the 
procedure described in Example 18, Step C. 

IH NMR (400 N4H2, CD3OD) mixture of roiamers: 5 7.62 (d, 8 Hz, 2/3 
H), 7.54 (d, 8 Hz, 1/3 H), 7.39 (d, 8 Hz, 2/3 H), 7.35 (d, 8 Hz, 1/3 H), 
s 7.19.7.00 (m, 6 1/3 H), 2.62 (m, IH), 1.72-1.65 (m, 2 1/3 H), J.61 (s. 
4H), J.50 (s, 2H), 0.94 (m, IH), 0.10 (m, 2/3 H). FAB-MS 477 (m+J). 

EXAMPLES] 

Step A: 1 \2>Djmethvlspirorisoindolin>l >one'3,4'>piperidine1 

To a stirred solution of 2-methylisoindoIin-l-one (1.47 g, 
10 mmol, available from Aldrich chemical company) and 
mechloreihamine hydrochloride (2.9 g, 15 mmol) in DMF (50 mL) at 
0° under Ar, was slowly added potassium hydride (35% in mineral oil, 
4.5 g, 40 mmol). The reaction mixture was then slowly warmed to 
room temperarure and stirred for additional 3 hours. TLC (60% eihyl 
aceiaie in hexane) shewed reaction was complete. The mixture was 
slowly poured on to ice, and it was extracted with ethyl acetate six 
limes. The combined organic extracts were dried (Na2S04) and 
evaporated. The residue was purified by flash chromatography eluting 
with a solvent gradient of 5-10% methanol in dichloromethane to 
provide 1.17 g of product. 

iH NMR (400 MHz, CDCI3): 6 7.85 (dd, J= 1.5 Hz, 6.5 Hz, IH), 7.81 
(d, 3=7.1 Hz, IH), 7.50-7.40 (m, 2H), 3.03 (s, 3H), 2.95-2.90 (m, 2H), 
2^ 2.71 (dt, J= 2.6 Hz, 11.4 Hz, 2H), 2.46 (s, 3H), 2.31 (dt,J=4.7H2, 13 
Hz, 2H), 1.44 (dd, J=J.6 Hz, 13 Hz, 2H). 
FAB-MS calc. for C14HIRN2O, 230; found 231 (M+H). 
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SiepB: 2>MeThv].spiro[isoindolin-l-one>3,4'>piperidine1 

The demethylaiion procedure was according to Tidwell and 
Buchwald. J. Org. Chem. 1992, 57, 6380-6382. To a stirred solution of 
the produci from Siep A (1 .0 g, 4.35 mmol) in 1,2-dichloroeihane (10 
mL) at 0^ was added 1 -chloroeihyl chloroformaie (0.56 mL, 5.2 mmol) 
and ihe mixture was stirred for 20 min.. Methanol (10 mL) was added 
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and the resuliing mixrure was refluxed for one hour. Evaporaiion and 
flash column purification during with 10-20% NH4OH-MeOH(l:10) in 
chloroform yielded 0.63 g of product. 

'H NMR (400 MHz,.CD30D): 5 8.02 (d, J=8 Hz, IH), 7.85 (d, J= 8 Hz. 

JH), 7.70 (I, J= 8 Hz, IH). 7.60 (t, J= 8 Hz, IH). 3.75-3.60 (m, 4H), 

3.10 (s, 3H). 2.60-2.51 (m, 2H), 1.72 (bn d, J= 14 Hz, 2H). 

El MS calc. for C13H16N2O, 216; found 301 (M+, 5%), 216 (M+), 

185,160. 

Step C : 2-Methylspiro[isoindolin-l-one-3,4'-piperidine]-r- 

carboxvlic acid, lJ-dimethvlethvl ester 

To a stirred solution of 2-meihyl)Soindolin-l-one (100 mg) 
in DMF (2 mL) was added excess KH in mmeral oil at 0° under Ar. 
After 5 min., bis(2-bromoeihyl)f-butyl carbamate (300 mg) was added 
and the mixrure was stirred at room temperature for 1 h and heated at 
80"" overnight. The mixture was poured on to ice, and it was extracted 
with ethyl acetate. The organic extract was dried (Na2S04) and 
evaporated. The residue was purified by prep-TLC eluting with 60% 
ethyl acetate in hexane 10 provide 16 mg of product. 
'H NMR (400 MHz. CDCI3): 5 7,89 (dd, J= 1.3 Hz, 5.8 Hz, IH), 7.75 
(d, J= 6.5 Hz, IH), 7.54.7.40 (m, 2H), 4.35-4.10 (br. m, 2H). 3.02 (s. 
3H). 2.14 (dt, J= 5.3 Hz, 13 Hz, 2H), 1.49 (s, 9H), 1.46-1.40 (m. 2H). 
FAB-MS calc. for C1RH24N3O3, 316; found 317 (M+H, 100%). 

Step D: 2'Methvl5;piro[isoindoHn>l.one>3.4'>piperidine1 

The intemnediate from Step C (16 mg) was treated with 
concentrated HCl and MeOH at room temperature for 2 hours and 
evaporated to yield the desired product. 



All spectral data for this compound is the same as in step B. 



Step E: 



N-[ 1 (RTr(2-Meihylspiro[iso1ifdo^^ 

r-yl)carbonyl]-2-findol-3-yl)ethyl].2-II(lJ-dimethylethyl. 
oxv'>carbonvl1amino1-2-methvlpropanamide 
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The compomid was prepared according to standard peptide 

coupling technology from a(R)-I[2-I[(lJ-dimethylethoxy)carbonyl]- 

amino]-2,2-dime!hyI-l-oxoethylJamino]-lH-indole-3-propanoic acid (25 
mg) and the product from Step B 

IH NMR (400 MHz, CDCI3): 5 8.58, 8.44 (2 br. s. IH), 7.80-7.15. 6.44 
(m, d, J= 7.6 Hz, total lOH), 5.43-5.36, 5.22-5.15, (2m, IH), 4.98 (br. 
s. IH), 4.60-4.50 (br. m, IH), 3.64-3.50 (br. m, IH). 3.40-3.05, 2.72- 
2.64, (2m, 4H), 2.88. 2.51 (2s, 3H), 2.00-1.90 (m, 2H). 1.52. 1.51 (2s. 
3H). 1.49 (s. 3H). 1.45, 1.44 (2s. 9H). 1.40-0.40 (several m. 2H). 
FAB-MS calc. for C33H41N5O5, 587; found 588 (M-hH), 532, 488. 
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S]ee_F: N-[ 1 (R)-I(2-Meihylspiro[isoindoIin-l -one-3,4'-piperidin]- 
1 '-yl)carbonyl].2-(indol-3-yl)ethyJ]-2-amino-2- 
methvlpropanamide hydrochloride 



The title compound was prepared using HCl in ethyl acetate 
from the product of Step E. 

IH NMR (400 MHz, CD3OD): 6 7.84-6.89 (m. 9H), 5.30, 5.15 (2 dd. 
IH), 4.50-4.40 (m. IH). 3.85-3.77 (m. IH). 3.65-3.50 (m), 3.40-3.15 
(m). 2.95. 2.58 (2s. 3H), 2.95-2.85 (m). 2.55-2.47 (m). 2.22-2.15 (m). 
2.09-2.00 (m). 1.65. 1.64. 1.60 (3s. 6H), 1.50-1.20 (m). 1.15-1.05 (m), 
0.9-0.8 (m), 0.61-0.52 (m). 

FAB-MS calc. for C28H33N5O3, 471; found 472 (M+H). 



EXAMPLE 5? 

N-(l(R)-[fJ-f[II[6-([[4-a2ido-2-hydroxy-5-iodophenyl]carbonyl]amino)- 

hexyl]amino]carbonyIlmethyi3sulfonyl)-2,3-dihydrospiroI3H-indole- 

3,4'-pjperidinl-r-yllcarbonyl]-2-(phenylmeihyloxy)eihyl]-2-amino- 
2meihvlpropanamide hvdTochlnriHp 

To a solution of the commercially available N-hydroxy- 
succimidyl-4-azidp-2-hydroxy-ben2oaie in 5 mLof CH2CI2 was added 
6-N-t-buioxycarbonyl-n-hexylamine hydrochloride and 0.10 mL of 
Hunig's base and stirred for 4h. The reaction mixture was evaporated 
to dr^Tiess and chromaiorgraphed on 15 g of silica gel. Eluiion with 
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hexanes-eihyl acetate (2:1) gave 0.229 of the acylated product. To 29 
mg of the above material was added .2 ml of THF and 2 mL of 0.01 M 
aqueous NaOH, 25 mg of potassium iodide. Chloramine-T (15 mg) was 
added and stirred for 30 min. The reaction was quenched with 2 mL of 
saturated sodium thicsulfate .solution, diluted with 5 mL of 0.05N HCl 
and extracted with ethyl acetate (2X5 niL). The combined organics 
were washed with brine (5 mL), dried over MgS04 and concentrated. 
Flash chromatography of the residue (5 g silica gel) with hexane-eiher 
(3:1) gave 26 mg of the iodonated material. Deprotection of the N- 
iBOC was carried out with AM HCl in ethyl acetate to give 21 .4 mg of 
the hydrochloride. 

To solution of this material in 5 mL of CH2CI2 was added 
49 mg of the acid intermediate form Step A of Example 33, 0.016 mL 
of NMM. 19.8 mg of HOBT, and 29 mg of EDC and stirred for 18 h. 
The reaction was worked up and purified in the usual manner. 

Once again deprotection of the N-tBOC group was carried 
with 4M HCl in ethyl acetate. This gave the title compound as a yellow- 
brown solid. This material was basified by dissolving in 2 mL of 
saturated NaHC03 and extracted with CH2CI2 (2X3 mL). The 
combined organic."; were dried over Na2S04 and concentrated to the 
title compound. 

1h NMR (CDCI3. 400 MHz) The compound exists as a 3:2 mixnire of 
rotamers. 5 8.40-8.20 (m. IH), 7.95 (s. 2/3H), 7.90 (s, 1/3H). 7.40- 
6.90 (m, 9 1/3H). 6.70 (s, 2/3H). 6.55 (m, IH), 5.20-5.10 (m, IH), 
4.70-4.40 (m. 4H). 4.10-3.80 (m, 5H), 3.80-3.50 (m. 4H), 3.40-3.10 
(m. 4H). 3.10-3.00 (m.lH), 2.70 (dt. IH), 1.90-1.20 (m. 14H), 1.30 (s. 
6H). 

EXAMPLE 53 

N-(l(S)-I(l,2-dihYdro-l-methylsulfonylspiro[3H-indole-3,4'-piperidin)- 
r-yl)carbonyI]-2-(phenylmethylsulfonyDeihyl]-2-amino-2-meihyl- 
propanamide hydrochloride 



10 
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Step A: N-[l(S>((l,2-Dihydro-l-methylsulfonylspiro(3H-^^ 

3,4*-piperidin]-l'yl)carbonyl]-2:(phenylmeihyIsulfonyl)- 
ethvn2>aTnino-2-methv]propanamide 

A sample of N-[l(S)-[(l,2-dihydro-l-meihylsulfonylspiro 
[3H-indole-3,4'-piperidin ]-l'yOcarbony)]-2-(phenylmethylihio)eihyl)2- 
[[1 J-dimeihyleihyloxy)carbony]]amino]-2-rneihylpropanamide 
(ExajDple 44, Siep C), 72 mg , was dissolved in 0.5 mL methanol and 
cooled in an ice bath. To this was added, dropwise, with stirring* a 
solution of ]01 mg OX ONE (TM) in 0.5 mL water. The reaction was 
monitored over several hours by TLC on silica gel GF plates, developed 
with 2:1 EiOAc: hexane; two more polar spots were observed to grow 
over time at the expense of the starting material. When the staning 
material was essentially gone, the reaction mixture was taken to near 
dr>'ness under a niirogen stream, and the residue extracted with 
chloroform. The MgS04 dried extract was subjected to preparative 
TLC on an 8'' x 8" x 1 ,000 silica gel GF plate, developed with EiOAc: 
hexane; two bands were isolated. The less polar component was 
dissolved in 0.5 mLof anisole, cooled in an ice-bath, and treated with 
0.5 mL of TFA, The reaction was stoppered and removed from the 
bath. After 30 minutes, the bulk of the TFA was removed under 
aspirator vacuum, and the bulk of the remaining anisole evaporated 
under a niirogen stream. The residue was taken up in chlorofoim and 
shaken with 1 M K2HPO4, to which enough NaOH was added to give a 
pH > 9. The chloroform was then removed and the aqueous phase 
extracted several more times with chloroform, the combined organic 
phases dried with MgS04, and concentrated under reduced pressure to a 
gum. Preparative TLC on a silica gel GF plate with 0.5: 5: 95 Cone. 
NH40H:MeOH: CHCI3 afforded the free base of the title compound. 
Calc. for C27H36NM06S2: N4W = 576.7; found m/e = (m+1) 577.5. 



15 



20 



25 



30 



StepB: .. N-l 1 (S)-! ( 1 ,2.Dihydro- 1 -methylsulfony Ispiro ( 3H.indole- 

3,4'-piperidin)-ryl)carbonyl]-2-(phenylmethylsulfonyl)- 
ethvn-2>amino-2-methvlpTopanamide hydrochloride 
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The hydrochloride salt of the compound from Step A above 
was produced using standard procedures described above affording the 
title compound. 

5 EXAMPLE 54 

Preparation of the two N-[I(S)-[(l,2-dihydro-l-meihylsulfony)spiro- 
[3H-indole-3,4'-piperidin]-l'"yl)carbonyl]-2-(phenylmeihylsulfinyl)- 
ethyl 1'2'amino-2-methvlpropanamide hydrochlorides 

10 

Step A: N-Il(SM(l,2-Dihydro-]-methylsulfony]spiro[3H-indole- 
3,4'-p)peridin]-ryl)carbonyl3-2-(phenylmeihylsulfinyl> 

ethvn-2-aTninO'2*methvlpropanamide 

Subjecting the more polar band from Step A, Example 53, 
to die TFA/ anisole deblocking procedure described there, followed by 
the same preparative TLC workup, two bands are isolated, 
corresponding to the two diastereomeric sulfoxides expected. 
For the less polar diasiereomer: Calc. for C27H36N4O5S2: NfW = 
560.7; found m/e = (m+1) 561.7. 

20 

For the more polar diastereomer: Calc. for C27H36N4O5S2: MW = 
560.7; found m/e = (m+1) 561.7. 

Step B: N-(l(S)-[(I,2.Dihydro.l.mediylsulfonylspirol3H-indole- 
3,4'-piperidin]-JVl)carbonyl]-2-(phenylmeihylsulfinyl)- 
ethvn>2>amino-2-methvlpropanamide hydrochloride 
The title compound is obtained by substituting either of the 

compounds isolated from Step A above for the compound prepared in 

Step A, Example 53 for Step B, Example 53, 
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EXAMPLE 55 

N-{J(R)-l(l,2-Dihydro-l-methanesu]fony]spiro(3H-indole-3,^ 
piperdin]- ] '-yl)carbonyl]-2-(phenylmeihyloxy)eihyl]-2-ajnino-2. 

methvlprnpanamide mesylate 

TTiis compound was prepared by the ireaiing the free base 
obtained in Example 18, Step C, with methane sulfonic acid. The title 
compound was obtained by recr}'stallizing it from eihyl aceiaie-cthanol- 
water, m.p, - 166''-168°C 

EXAMPLE 56 

23»3a,4.6.6a-hexahydro-2-oxo-lH-ihieno[3,4-d]imida2ole-4(S)- 
penianoic acid-6-[[[[[r-[[(29R)-[f2-amino-2-meihyM-oxopropyl]- 
aminol-3-(phenyLmeihyloxy)-l-'OXopropyl]-2,3-dihydrospirof3H-indole- 
3,4'-piperidin]- 1 *-yI]sulfonyl]meihyl]carbonyl]amino]hexyl ester 

trifluoroacetate 

To a solution of 0.1 08g of the intermediate prepared in 
Example 33 step A in 5mL of CH2CI2 was added 20mg of 6-amino- 
hexanol, 28mg of HOST, and 42mg of EDC and stirred for 4h. the 
reaction mixiure was diluted with lOmL of CH2CI2 and washed with 
0.5N HCl (5mL), satureated aqueous NaHC03 (5mL), dried over 
MgS04 and conceniraied. The residue was purified by flash 
chromatography ( 1 Og silica gel) wiih CH2Cl2-aceione (1:1) as eluent. 

To 56.2mg of the above iniermediate in 2mL of CH2CI2 
and 2mL of DMF was added 23mg of biotin, 14mg of DMAP, 2Rmg of 
EDC and stirred for 18h. The reaction was worked up in the ususal 
manner. Purification of the residue by flash chromatography over 5g 
of sihca gel with CH2Cl2-acetone (1:1) as the eluem gave 22mg of the 
bioiin conjugate. Deproteciion of the N-tBOC was carried out in 
CH2CI2-TFA 10 give lR.9mg of the title compound as a white solid. 
iH NMR (CDC13. 400MHz) The compound is a 3:2 mixture of 
rotamers. d 8.45-8.23 (m, IH), 7.9 (s, IH), 7.40-7.28 (m, 4H), 7.25- 
7.17 (m. 2H).7.00(du 2/3H). 6.80 (d, 1/3H), 5.21-5.14 (m. 1H).4.60- 
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4.42 (m, 4H), 4.28 (bi. IH), 4.15-4.00 (m. 6H), 3.85-3.70 (m, 2H). 
3.20-3.10 (m. 3H), 2.90 (dd, JH), 2.83 (dl. IH). 2.70 (d, IH). 2.40-2.25 
(m, 2H). 2.00-0.60 (m, 18H). 1.62 (s. 3H), 1.60 (s. 3H). 
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WHAT IS CLAIMED IS: 



A compounds of the formula; 



10 



15 



f2 'pe 

O 



R4 



•N. 



Rc 




Ri-C-N-C — A — N 




R4 



20 



25 



30 



Foimula I 



Formula II 



Rl is Cj-C]0 alkyl. aryl, aryl (C1-C6 alkyl) and C3-C7 cycloalkyl 
(Cl-C6alkyl) or Cj-Csalky'l-K-Ci-Cs alkyl. aryUCo-C5alkyl)-K- 
(CJ-C5 alkyl), C3-C7 cycloalkyl(C0-C5 alkyl)-K-(Cl-C5 alkyl) where 
K is O, S(0)m, N(R2)C(0), C(0)N(R2). 0C(0), C(0)0, or 
-CR2=CR2- or -CsC- where the ar>'l groups are defined below and the 
R2 and alkyl groups may be futher substituted by 1 to 9 halogen, 
S(0)mR2a, 1 to 3 0R2a or C(0)0R2a and the aryl groups may be 
further substiiined by phenyl, phenoxy, halophenyl, 1-3 C1-C6 alkyl. 1 
10 3 halogen, 1 to 2 OR2, methylenedioxy, S(0)mR2, 1 »o 2 CF3, 
OCF3. nitro. N(R2)(R2). N(R2)C(0)R2, C(0)0R2. C(0)N(R2)(R2). 
S02N(R2)(R2), N(R2)S(0)2 aryl or N(R2)S02R2; 



R2 is hydrogen, C]-C6 alkyl, C3-C7 cycloalkyl, and where two C1-C6 
alkyl groups are present on one atom, they may be optionally joined to 
form a C3-CR cyclic ring optionally including oxygen, sulfur or NR2a'- 
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R2a is hydrogen or Cl-C6 alkyl; 

R3a and R3b are independently hydrogen, halogen, Ci-C6 allcyl. 0R2» 
cyano, OCF3, meihylenedioxy, nitro, S(0)mR. CF3 or C(0)0R2 and 
when R3a and R3b are in an onho anangement, ihey may be joined 10 
fonn a C5 to C8 aliphatic or aromatic ring optionally including J or 2 
heteroaioms selected from oxygen, sulfur or nitrogen; 

R4 and R5 are independently hydrogen, C]-C6 alkyl, substituted C1-C6 
alkyl where the subsiiaients may be 1 to 5 halo, 1 to 3 hydroxy, 1 to 3 
Cl-ClO alkanoyloxy, 1 to 3 C1-C6 alkoxy, phenyl, phenoxy, 2-furyl, 
C1-C6 alkoxycarbonyl, S(0)m(Ci-C6 alkyl); or R4 and R5 can be taken 
together 10 form -(CH2)rLa (CH2)s- where La is C(R2)2, O, S(0)m or 
N(R2), r and s are independently 1 10 3 and R2 is as defined above; 

R6 is hydrogen or C1-C6 alkyl; 




R7 



I ■ 



2-(CH2),-C — (CH2)y— 



where x and y are independently 0-3; 
Z is N-Ro or O; 
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R7 and R7a are independently hydrogen, C1-C6 alkyl, OR2, 
trifluoromethyl, phenyl, substiruied C]-C6 alkyl where the substituents 
are imidazolyl, phenyl, indolyl, p-hydroxyphenyl, OR2, 1 to 3 fluoro,. 
S(0)mR2, C(0)0R2, C3-C7 cycloalkyl, N(R2)(R2). C(0)N(R2)(R2); or 
R7 and R7a can independently be joined to one or both of R4 and R5 
groups to form alkylene bridges between the terminal nitrogen and the 
alkyl ponion of the R7 or R7a groups, wherein the bridge contains 1 to 
5 carbons atoms; 

B. D, E, and F are independently CrR8)(RlO). 0, C=0, S(0)in, or NR9, 
such that one or two of B,D,E, or F may be optionally missing to 
provide a 5, 6, or 7 membered ring; and provided that B, D, E and F 
can be C(R8)(RlO) or C=0 only when one of the remaining B, D, E and 
F groups is simultaneously O, S(0)m or NR9; B and D or D and E 
taken together may be N=CRlO- or CRjO=N or B and D or D and E 
taken together may be CR8=CR ] 0 provided one of the other of B and E 
or F is simultaneously 0, S(0)m or NR9; 

Rr and R]0 are independently hydrogen, R2, OR2, (CH2)q aryl, 
^° (CH2)q C(0)0R2, (CH2)q C(0)0(CH2)q aiyl or (CH2)q (IH-tetrazol- 
5-yl) and the ar>'l may be optionally substituted by 1 to 3 halo, 1 to 2 
C1-C8 alkyl, 1 to 3 OR2 or 1 to 2 C(0)0R2; 

R9 is R2. (CH2)q ao'l. C(0)R2, C(0)(CH2)q aryl. SO2R2. S02(CH2)q 
" aryl, C(0)N(R2)(R2), C(0)N(R2)(CH2)q aiyl. C(0)0R2, l-H-ieirazol- 
5-yl, SO3H. SO2NHON, S02N(R2)aryl. S02N(R2)(R2) and the 
(CH2)q may be opiionally substituted by 1 to 2 C'i-C4 alkyl, and the R2 
and aryl may be optionally funher substituted by 1 to 3 0R2a. 0(CH2)q 
aryl. 1 to 2 C(0)0R2a, 1 to 2 C(0)0(CH2)q aryl. 1 to 2 
C(0)N(R2a)(R2a). 1 to 2 C(0)N(R2a)(CH2)q aryl, 1 10 5 halogen. 1 to 
3C1-C4 alkyl, 1.2,4-iriazoIyl, l-H-ietrazol-5-yl, C(0)NHS02R2a, 
S(0)mR2a, C(0)NHS02(CH2)q ar\'l, SO2NHON. S02NHC(0)R2a. 
S02NHC(0)(CH2)qar)'l.N(R2)C(0)N(R2a)(R2a), 
. N(R2a)C(0)N(R2aXCH2)q aryl, N(R2a)(R2a). N(R2a)C(0)R2a. 
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N(R2a)C(0)(CH2)q aryl, OC(0)N(R2a)(R2a), OC(0)N(R2a){CH2)q 
aryl; S02(CH2)qCONH-(CH2)wNHC(0)Ri l , where w is 2-6 and Rl 1 
may be biorin, aryl, or aryl subsiiniied by I or 2 0R2, 1 -2 halogen, 
azido or nitre; 
m is 0, 1 or 2; 
n is i or 2; 

q can optionally be 0, 1 , 2, 3, or 4; and 

G, H, I and J are carbon, nitrogen, sulfur or oxygen atoms, such that 
atleast one is a heteroaiom and one of G, H, I or J may be optionally 
missing to afford 5 or 6 membered heterocyclic aromatic rings; 
and pharmaceutically acceptable salts and individual diastereomers 



thereof. 



2. 



A compound of Claim 1 which is: 



15 



H H 




Ri-C-N-C — A 



11 



O 



20 



C=0 



25 




Formula 111 



30 



where R] is Cj -Cj 0 alkyl, aryl (Cj-C4 alkyl). C3-C6 cycloalkyl 
(C]-C4 alkyl). (C1-C4 alkyl)-K-(Ci-C4 alkyl), aryKCo-Csalkyl)- 
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K-(Cl-C4 alkyl), (C3-C7cycloaIkyl)(Co-C5 alkyl)-K-(Cl-C4alkyl) 
where K is 0, S(0)m. •CR2=CR2- or -C^C-;.or N(R2)C(0) where R2 
and the alkyl groups may be further substituted by 1 to7 halogen, 
S(0)mCi -C4alkyK 0R2 or C(0)0R2 and the aryl groups may be 
^ . further subsriruted by C1-C4 aUcyl, 1 to 2 halogen, 1 to 2 OR2. CF3, 
OCF3, meihylenedioxy, S(0)mR2, S02N(R2)(R2). N(R2)S02R2 or 
C(0)0R2; 

R2 is hydrogen, C1-C6 aUcyl, C3-C7cyclo2lkyl, and, if two C1-C6 alkyl 
groups are present on one atom, they may be optionally joined 10 form 
a C4-C6 cyclic, ring opiionally including 1 to 2 heteroaioms selected 
from oxygen, sulfur or NR2a'. 

R2a is hvdrogen or Cj-C6 alkyl; 

15 

R3a and R3b are independently hydrogen, halogen, C1-C4 alkyl, OR2, 
methylenedioxy, nitro, S(0)n)Ci.C4alkyl, CF3 or C(0)OR2; 

R4 and R5 are independently hydrogen, C1-C6 alkyl, substituted C1-C6 
alkyl where the substiruents may be 1 to 5 halo, 1 to 2 hydroxy, 1 to 2 
C1-C6 alkanoyloxy, 1 10 2 C1-C6 alkyloxy or S(0)m(Cl-C4 alkyl): 



25 



30 



# 
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A is : 





« 

5 



10 



15 



20 



25 



where x and y, are independently 0, 1, or 2; 
R7 and R7a are independently hydrogen, C1-C4 alkyl, substituted 
C1-C4 alkyl where the substiruents are from 1 to 3 fluoro or 
imidazolyl, phenyl, indolyl, S(0)mCl-C4 alkyl C(0)OR2 or R7 and R7a 
can independently be joined to one or both of the R4 and R5 groups 10 
form alkylene bridges between the teminal nitrogen and the alkyl 
portion of the R7 or R7a groups, wherein the bridge contains 1 to 3 
carbon atoms; 

B. D and F are independently C(R8)(R JQ), C=0, 0, S(0)m or NR9 
such that one of B, D or F may be opiionally missing to provide a 5 or 
6 membered ring and provided that one of B, D and F is CfRgXRiQ) or 
C=0 only when one of the remaining B, D and F groups is 
simultaneously O, S(0)m or NR9; 



R8 and RiO are independently hydrogen, R2, OR2, (CH2)q ar>'l. 
(CH2)qC(0)OR2. (CH2)qC(6)6(CH2)q ar>'l (CH2)q (IH-tetr^tzol-S-yl) 
and the aryl may be optionally substinited by 1 to 3 halo, 1 to 2 C1-C4 
alkyl, 1 to 3 OR2 or 1 to 2 C(0)0R2; 
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R9 is R2, (CH2)q aryl, C(0)R2, C(0)(CH2)q aryl, S02R2» S02(CH2)q 
aryl, C(0)N(R2)(R2). C(0)N(R2)(CH2)q aryl. l-H-ieirazolyl-S-yl. 
S02NHCsN. S02N(R2) aryl, S02N(R2)(R2) and ihe (CH2)q may be 
optionally substituted by 1 to 2 C1-C2 alkyl and the R2 may be 
opnonally substituted by 1 to 2 0R2a» 0(CH2)q aryl, 1 to 2 C(0)OR2a. 
C(0)N(R2a)(R2a). S(0)mR2a. l-H-tetrazol-5-yl, C(0)NHS02R2a. 
C(0)NHS02(CH2)q aiyl, N(R2a)C(0)N(R2a)(R2a) or 
N(R2a)C(0)N(R2a)(CH2)q aryl and the aryl may be optionally 
substituted by 1 to 2 0R2a, 1 to 2 halogen, 1 to 2 C1-C4 alkyl, 

C(0)0R2a or l-H-ieirazol-5-yl; S02(CH2)w C0NH(CH2)w 
NHC(0)Rl 1, where w = 1-6 and Rj ] may be biotin, aryl, or aryl 
substituted by 1 or 2 OR2, 1-2 halogen, azido or nitro; 

m is 0,1, or 2; 

q is 0, 1 , 2 or 3; and 

the ar}'l group is phenyl, napthyl, pyridyl, thienyl, indolyl, thiazolyl or 
pyrimidinyi, 

and the phannaceuiically acceptable salts and individual diastereomers 



20 



thereof. 



3. 



A compound of Claim 2 where F is not present. 



4. A compound of Claim 3 which is: 



25 



30 
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IV 
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Rl is Cj-Cio aUcyl, aryl (C]-C4 alkyi), Cf-Cecycloalkyl (C1-C4 alkyl) 
or (C1-C4 aUcyl)-K-Ci-C2alkyl-, ao'l(Co-C2alkyl>K-(Ci -C2 alkyl), 
C3-C6cycloalkyl (Co-C2alkyl)-K-(Ci-C2aUcyl), where K is O or 
S(0)m. and the ar>'l groups may be further subsiiruted by 1 to 2 C1-C4 
alkyl, 1 10 2 halogen, 0R2. C(0)0R2. CF3 or S(0)mR2; 

R2 is hydrogen, C1-C4 alkyl, cyclo C3-C6alkyl, and, if two C1-C4 
alkyls are present on one atom, they may be optionally joined to form a 
C5-C6 cyclic ling optionally including the heteroatoms oxygen or 
NR2a; 

R2a is hydrogen or C1-C4 alkyl; 



30 



R3a and R3b are independently hydrogen, halogen. C1-C4 alkyl, 
C(0)0R2, hydroxy, C1-C4 alkoxy, S(0)mCl-C4 alkyl or CF3; 

R4 and R5 are independently hydrogen, C]-C4 alkyl, substituted C1-C4 
alkyl where the subsiiruents may be 1 to 2 hydroxy or S(0)m 
(Ci-C3alkyl); 
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A is: 




5 



where x is 0 or 1; 

R7 and R7a are independently hydrogen, Cl-C3 aUcyl; or R7 and R7a 
can independently be joined to one or both of the R4 and R5 groups to 
form alkylene bridges between the terminal nitrogen and the alkyl 
portion of the R7 or R7a groups 10 form 5 or 6 membered rings 
containing the terminal nitrogen; 

B and D are independently C(R8)(RlO). C=0, 0, S(0)m. NR9 provided 
that one of B and D can be C(R8)(R 1 0) or C=0 only when the other of 
B and D is O, S(0)m or NR9; 

Rr and RjO are independently hydrogen, R2, OR2, (CH2)q aryl, and the 
aryl may be optionally substituted by I to 2 of halo, 1 to 2 CJ-C4 alkyl. 
20 OR2 or 1 to 2 C(0)0R2; 

R9 is C(0)R2, C(0)(CH2)q aryl, SO2R2, S0(CH2)q aryl, 
C(0)N(R2)(R2), C(0)N(R2)(CH2)q aryl and the (CH2)q may be 
optionally substituted by 1 10 2 C1-C2 alkyl and the R2 may be 

25 optionally substimted by 1 to 2 of 0R2a. 0(CH2)q aryl, C(0)0R2a, 
C(0)N(R2a(R2aX S(0)mR2a. l-H-teirazol-S-yl, C(0)NHS02R2a, or 
N(R2a)C(0)N(R2a)(R2a) and the ar)'l may optionally be substituted by 
1 to 2 0R2a, 1 to 2 halogen, 1 10 2 C1-C2 alkyl, C(0)0R2a, 1-H- 
ietrazol-5-yl or S(0)mR2a; 

30 S02(CH2)qCONH(CH2)wNHC(0)Ri] where w = 2-6 and Rj 1 may 
opiionally be bioiin, aryl, and an aryl be optionally subsriiuted by 1 to 2 
0R2, 1-2 halogen, azido, niiro; 



m is 0, 1 or 2: 



• 
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q can optionally be 0, 1, 2 or 3; 

aryl is phenyl, napihyl, pyridyl, indolyl, thienyl or leirazolyl and ihe 
pharmaceutically acceptable salts and individual diastereomers thereof. 

5 5. A compound of Claim 1 have the formula: 



10 



15 



20 



25 



30 




R3a is H, fluoro; 
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D is O. S, S(0)m. N(R2), NS02(R2). NS02(CH2)iaryl. NC(0)(R2), 
NS02(CH2)qOH, NS02(CH2)qCOOR2. N-S02(CH2)qC(0)-N(R2)(R2). 
N-S02(CH2)qC(0)-N(R2)(CH2)wOH, 



10 



15 




N-NH 

N-S02(CH2)q — ^ I and the aryl is phenyl or pyridyl and the 

N=N phenyl may be substituted by 1-2 halogen; 

R2 is H.C]-C4 alkyl; 
m s 1.2; 
lis 0, 1,2; 
q is 1.2, 3; 
w is 2-6; 

and the pharmaceutically acceptable salts and individual diastereomers 
thereof. 



6. A compound of Claim 1 which is: 
N-l l(R)-l(l .2-Dih^'d^o-l-melhanesulfonylsp^^ol3H-indole-3,4•- 
piperidin]- 1 '-yl)carbonyl)-2-(l H-indol-3-yl)ethyl]-2-anruno-2-meihyl- 
propanamide; 
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N-l 1 (R)-I(l ,2-Dihydro-] -methanecarbony]spiro[3H-indole-3,4'. 

piperidin]-l'.yl)carbonyl>2-(lH-indol-3-yl)ethyl]-2-amino.2-methyl- 
propanamide; 

N-1 1 (R)-((l .2-Dihydro- 1 -ben2enesulfonylspiro[3H-u)dole-3,4'- 
piperidin]- 1 '-yl)carbonyl]-2-(l H-indol-3-yl)e!hyI].2-ainino-2-ineihyl- 
propanamide; 



10 



15 



20 



25 



30 



N.[ 1 (R)-[(3,4-Dihydro-spiroI2H- 1 -ben2opyran-2,4'-piperidin]- 1 '.yl) 
carbonyl]-2-(l H-indol-3-yl)ethyl].2-amino-2-ineihylpropanam)de: 

N-Il(R).[(2-Acetyl.l,2,3,4-te!rahydrospiroIisoqi]inolin-4,4'-piperidinj- 
r-yl)carbonyI]-2-(ijidol-3-yl)ethyl]-2-ainmo-2-melhyl-propanamide; 

N-1 1 (R)-[(J ,2-Dihydro- 1 -methanesulfonylspirol3H-indoIe-3,4*- 
piperidinl-r-yl) carbonyl]-2-(phenylmethyIoxy)ethyl]-2.aniino-2- 
methylpropanamide; 

N-1 1 (R)-[(l ,2-Dihydro- ] -methanesulfonylspiro(3H-indole-3,4'- 
piperidin]-r-yl) carbonyl]-2-(phenylmeihyloxy)ethyl]-2-ammo-2- 
meihylpropanamide mesylate salt 

N-[l(RM(l,2.Dihydro-l-methanesulfonylspiro|3H-indole-3»4'- 

piperidin]-]'-yl)carbonyl]-2-(2\6'.dinuorophenylmethyIoxy)eihyl]-2- 
amino-2-niethylpropanamide; 

N-I1(RM(1. 2-Dihydro- l-methanesulfony]5-nuorospirol3H-indole-3,4'- 
piperidin]- 1 '-yl)carbonyl].2-(phenylmeihyloxy)ethyl]-2-amino-2- 
methylpropanamide: 

-N-I KS)-|(1 .2-Dihydro- 1 -me thanesulfonylspiro(3H-indole-3,4'. 
piperidin]- 1 '-yl) carbonyl]-2-(phenylineihylthio)eihyl]-2-ainino-2- 
meihylpropanamide; 
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10 



15 



20 



25 



N-l(R)-I(],2-DiJiydro-l-meihanesulfonylspiro[3H-indole-3,4'- 
piperidin]-! *-yl) carbonyl]-3-phenylpropyl]-2-amino-2-nieihyl- 
propanajnide; 

N'[](R)-[(l,2^Dihydro-l-meihanesulfonylspiro[3H-indole-3.4*. 
pjperidin]-r-yl)carbonyl]-3-cyclohexylpropyl3-2-ajnii)o-2-meihyl- 
propanamide; or 

N-l 1 (RM(1 ,2-Dihydro- J -iTieihanesulfonylspiro[3H-indole-3.4'- 
piperidin]-! '>yl) carbonyl]-4-phenylbutyl]-2-ajnino-2-methyl- 
propanamide; 

N-[l(R)-I(l,2-DihydroO-meihanesulfonylspiro[3H-indole.3.4'- 
piperidinl-r-yl) carbonyl)-2-(5-fluoro-lH-indol-3-yl)e«hyl]-2-amino-2- 
meihylpropanami de 

N'[ 1 (R)-l(l ,2-Dihydro- 1 -meihanesulf onyl5-fluorospiro[3H-indole-3,4'- 
piperidin]-l'-yl)carbonyl3-2-(5-fluoro-lH-indol-3-yl)e!hyl]-2-arnino-2- 
methylpropanaiTjide 

N-[ 1 (R)-[(l ,2-Dihydro- 1 -(2-eihoxycarbonyl)meihylsulfonylspiro-f3H- 
ijidole-3,4'-piperidinl-]'-yl)carbonyl]-2-(lH-mdol-3-yl)ethyl]-2-amm^ 
2-meihylpropanamide 

N-1 1 (R>[(1 ,2-Dihydro-l .1 dioxospiro[3H-ben20lhiophene-3,4 - 
piperidin]-J*^vl)carbonyl]-2-(phenyljr)eihyloxy)eihyl]-2-ariiuio-2- 
mcihylpropan amide 

and phanmaceuiically acceptable salts thereof. 



wo 94/13696 PCT/US93/11038 

. 149- 

7. The compounds of Claim 1 which are 



10 




IS 

and where Ri , R2, R3a, R3b, R4, R5. R6. A, B, D, E, F, G. H. 1. J. and 
n are as deiined as in Claim 1. 

8. A process for ihe preparation of a compound of 
Claim J which comprises reacting a compound having a formula: 



^2 ?6 Re 

I Ri-j— N-H 

25 I 'I 

CO 
I 



30 




or 



4a 
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with a compound having the formula 

HOOC-A-N<^' HOOC-A-N< 

or L 

where Rj , R2. R3a, R3b. R4. R5. ^6, A, B, D, E, F, G, H, 1, J and n 
are as defined in Claim } and L is a protecting group which in 
subsequently removed if present and sahs are formed if desired. 

9. A process for ihe preparation of a compovmd of 
Claim 1 which comprises reacting a compound having a formula: 



15 H 

N 



10 




20 D. vRj, E— (' .H 



2a 



Rab 



25 with a compound having the formula 



R,— [-N-C-A-N-R5 OR Ri— f-N-C-A-N-L 
COOH COOH 
30 12 12a 

where R 1 , R2, R3a, R3b, ^4. R5, R6. A, B, D, E, F, G, H, I, J and n 
are as defined in Claim i and L is a protecting group which is 
subsequently removed if present and salts are formed if desired. 
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10. A method for increasing levels of endogenous 
growth hormone in a human or an animal which comprises 
administering to such human or animal an effective amount of a 
compound of Claim 1. 

11. A composition useful for increasing the endogenous 
production or release of growth hormone in a human or an animal 
which comprises an inert carrier and an effective amount of a 
compound of Claim 1. 

12. A composirion useful for increasing the endogenous 
production or release of growth hormone in a hmnan or an animal 
which comprises an inert carrier and an effective amount of a 
compound of Claim 1 used in combinarion with other growth hormone 
secretagogues such as GHRP-6, GHRP-1, GHRP-2, grounh hormone 
releasing factor (GRF), one of its analogs or lGF-1 or lGF-2. 

13. A method for the treatment of osteoporosis which 
comprises treating a patient with osteoporosis with a bisphosphonate 
compound in combination with a compoimd of Claim 1 . 

14. The method of Claim 13 where the bisphosphonate 
compound is alendronate. 

15. A composition for the treatment of osteoporosis 
which comprises an inen carrier, a bisphosphonate compound and a 
compound of Claim 1. 

16. TT^e composition of Claim 15 where the 
bisphosphonate compound is alendronate. 
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